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2 Of the Properties of Matter. 


bothes, thoy cannde be * to Duck Bye 
anorher, * K 
A ſecond property of * is inaSivity, Ge 

loatirity. paſſieeneſs ; — which it aways endeavours to 
continue in the ſtate that it is in, whether of reſt 
or motion. And therefore, if one body contains 
twice orithriee as much matter as another body 
does, it will have twice or thrice as much inac- 
tivity; that is, it will require twice or thrice as 
much forte to give it an equal degree of motion. 
or to ſtop it after it hath been Put into ſuch a 
motion. 

That matter can never put itſelf into. motion is 
allowed by all men. For they ſee that a ſtone, 
lying «mn the plane ſurface of the earth, never 
\removes-iufelf from chat place, nor does any one 
imagine it ever can. But moſt people are 
apt to believe that all matter has a propenſity to 

fall from a: ſtate of motion into a ſtate of teſt; 
becauſe they ſee that if 8 ſtone or a cannon· ball 
be put into ever ſo violent a motion, it ſoon 
ſtops; not canſidering that this ſtoppage is cauſed, 
I. by the gravity or weight of the body, which 
ſinks it to the ground in ſpite, of the impulie; 
and, 2. by the reſiſtance of the air through which 
it moves, and by which its velocity is retarded 
every moment till it falls. n 
A bowl moves but a ſhort way upon a W 
ing green; becauſe the roughneſs and uneven- 
neſs of the graſſy ſurface ſoon creates friction 
enough to ſtop it. - But if the green were per- 
fectly level, and covered with poliſhed glaſs, and 
the bow] were perfectly hard, round, and ſmooth, 
it would go a great way further; as it would 
have nothing but the air to reſiſt it: if then the 
air were taken away, the bowl would go on 
wenn any — and conſequently without 
; | » , (oy 


Of the Properties of Matter. 
any diminution of the velocity it had at ferting 
out : and therefore, if the were extended 


quite around. the earth, the bowl would go on, 
round and round che earth, for ever. 


If the bowl were carried ſeveral miles above 
the earch, and there projected in a. horinontal 


direction, with ſuch a, velocity as would make 
it move more than a ſemidiameter of the earth, 
in the time it would take to fall to the earth by 
gravitys in that caſc, and if there were no te- 


liſting medium in the way, the bowl would not 


fall to the earth at all; but would continue 
to circulate round it, keeping always in the ſame 
tract, and returning to the ſame point from 
which it was projected, with the ſame velocity as 
at firſt. In this manner the moon moves round 
the earth, although ſhe be as ae and dead 
as any ſtone upon it. | 

The third property of matter is mobility. for 
we find that all matter is capable of being moved, 
if a ſufficient degree of force be applied to over- 
come its inactivity or reſiſtance. 

The fourth property 


can never be annihilated by cutting or 

we can never imagine it to be cut into ſuch ach 
particles, but that if one of them be 

he + the uppermoſt fide of it will be a 

from the table than the undermoſt ſide. More- 

over, it would be abſurd to ſay. that the greateſt 

mountain on earth has more halves, quarters, or 

— parts, than the a particle of matter 
We baye many ſurp inſtances of tha 

ſmallneſs to which matter can be divided by art: 


of which the two wore are very remarkable. 


Bu x if 


of —. divikbility, Dold. 
of which there can be no end. For, ſince 3 y. 
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Of the Properties of Matter. 1 
1. If a pound of filver be fuſed with a fingle 4 
grain of gold, the gold will be equally diffuſe } 
through the whole filver; fo that taking one 
grain from any part of the mals (in which there 
can be no more than the 37th part of a grain 
of gold) and diſſolving it in aqua fortis, the 


will fall to the Bottom. © | 7 
2. The SEN can extend à grain of 
gold into 4 leaf containing 30 ſquare inches; 
and this leaf may be divided into 560000 parts: 1 
For an inch in length can be divided into 100 
parts, every one of Which will be viſible'to rhe 

are eye: conſequently a ſquare inch can de 
ivided into 1co000 parts, and 30 ſquare inches 
into 500000. And if one of theſe parts be 
viewed with a microſcope that magnifies the 
diameter of an object only 10 times, it will } 
magnify the area 100 times; and then the 180th 
part of a 500000th part of a grain (that is, the 
90 millionth. part) will be viſible. Such leaves 
are commenly uſed in gilding; and they are ſo 
very thin, et if 124500 of them were laid upon 
one another, and preſſed together, they would 
not exceed one inch in thickneſs. - 16. 
Tet all this is nothing in compariſom of the A 
q lengths that nature goes in the diviſion" of mat- 
ter. For Mr. Leewenboet tells us, that there are 
more animals in the milt of a ſingle cod fin, 
than there are men upon the whole earth: and 
that, by comparing theſe animals in a miero- 
cope with grams of common ſand; it appeared 
that one fingle grain is bigger than four millions 
of them. Now each animal muſt have a heart, 
arteries,” veins, muſcles, and nerves, otherwiſe 
they could neither live nor move. How incor Þ 
*cervably {mall then muſt the particles of their 
blood be, to circulate through the ſmalleſt rami- } 
24 „1 „K. 
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Of the Properties of Metter. $7 
fications and joinings of their arteries and veins? 

It has been found by calculation, that a particle 

of their blood muſt be as much ſmaller than a 

globe of the tenth part of an inch in diameter, as 
that globe is ſmaller than the hole earth; and 
yet, it theſe particles he compared with the par- 

ticles of light, they will be found to exceed 
them as much in bulk as-m1ountains' do ſingle 
grains of ſand. For, che force of any body 
ſtriking againſt an obſtacle · is directly in pro- 
portion to its quantity of matter multiplied into 

us velocity: and ſince the velocity of the par- 

ticles of light ãs defnonſtrated to be at leaſt a 
million times greater than the velocity of a can- 

non: ball, it is plain, that if à million of theſe 
particles were as big as a ſingle grain of ſand, 

we durſt no more open our eyes to the light, 

than we durſt expoſe them to ſand ſhot point- 
blank from a cannounn. 

That matter is infinitely diviſible, in a mathe - te l. 
matical ſenſe, is eaſy to be demonſtrated. For, pig. 1. 
let AB be the length of a particle to be divided; 

and let it be touched at oppoſue ends by the ꝓa · 
rallel lines CD and E F, which, ſuppoſe to be 
infinitely extended beyond D and F. Set off 

the equal divifioas 4 G, GA, 1, &c. on the The in- 
line E N, towards the right hand from B; and nite divi- 
take a point, as at N, where toward the left sb ot 
hand — A, in the line CD: Thea, from this TS 
point, draw the right lines RG, R H, RI, &c. 
each of whick will cut off à part from the par- 

ticle AB. But after any finite number of fuck 

lines are drawn, there will ſtill remain a part, as 

A P, at the top of the particle, which can never 

becut off: becauſe the lines DR and EF being 
parallel; no line can ever be drawn from the 

point & to any point of the line E that will 

— 3 coincide 


ſtances, ſome of which follow. 


1 

Of the Properties of Matter. - 
coincide with the line E D. Therefore the par- 
ticle AB contains more than any finite number 
of parts. $4 i SIP 
A fifth property of matter is attraction, which 
ſeems rather to be infuſed than inherent. Of 


this there are four kinds, viz. cobeffon, gravita- 


tion, magnetiſm, and elefiricity. 0 
Coheſion. 


The attradtian of cobefion is that by which the 
ſmall parts of matter are made to ſtick and eo. 
here together. Of this we have ſeveral in- ; 


* 


1. If a ſmall glaſs tube, open at both ends, be 


dipt in water, the water will riſe up in the tube 


preſide eee det Gin. they. will mur 
Fe = 1 


to a conſiderable height above its level in the 
baſon: which muſt be owing to the attraction 
of a ring of particles of the glaſs all around in 
the tube, immediately above thoſe to which the 
water at any inſtant riſes. And when it has'riſen 
ſo high, that the weight of the column balances ' 
the attraction of the tube, it riſes no higher. 
This can be no ways owing to the preſſure of the 
air upon the water in the baſon; for, as the tube 
is open at top, it js full of air above the water, 


which will preſs. as much upon the water in the 
tube as the neighbouring air does upon any 
column of an equal diameter in the baſon. Be- 


ſides, if the ſame experiment be made in an 


exhauſted receiver of the air · pump, there will 


found no difference. g 

2. A piece of 3 will draw up a fluid, 
and a ſpunge will ſuck in water: and on the 
ſame principle ſap aſcends in trees. og 

3. If two drops of quickſilver be placed neat 
each other, they will run together and become 
one large drop. e V 
1 eo pieces of lead be ſcraped clean, and 
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each. other ſo ſtrongly, as to require a force 
much greater than their own weight to ſeparate 
them. And this cannot be owing to the prefſure 
of the air, for the fame thing will hold ig an 
exhauſted 1 receiver, 

5. If two poliſhed plates of marble" or brafs 
be put together, with a little oil between chem to 
fill up the pores in their ſurfaces, and prevent rhe 
lodgwent of any air; they will cohere ſo ſtrongly, 
even if ſuſpended in an exhauſted receiver, 
thax the weight * the lower plate will not N 
able to ſeparate it from the upper one. In put- 
ting 915 plates together, the one Gould be 
rubbed upon the other, as a Freak does two 
pieces of wood when he glues the 

6. If two pieces of cork, equal in weight, be 
put near each other in a baſon of water, they will 
move equally faſt toward each other 7 aa 
accelerated motion, until they meet: and then, 
if either of them be moved, it will dra the 
other after ic. If two corks of r weights 
be placed near each other, they will approach 
with accelerated velocities inverſely roportio- 
nate to their weights : 'that is, the lighter cork 
will move as much faſter than the heavier, as the 
heavier exceeds the lighter in weight. This 
ſhews chat the attraction of each cork is in direct 
Papen to its weight or quantity of matter. 

This kind of attraction react es but to a very 
ſmall diſtance ; for, if two drops of quickſilver 
be rolled in duſt, they will not run together, 
becauſe the particles of duſt keep them out of 
the ſphere of each other's attraction. 


here the ſphere of attraftion ends, a OY Repul 
fre force begins; thus, water repels moſt bodies goo. 


rr ir is that a ſmall 
eee $i 70", 


Gravita- 
tion, 


Of the Properties of Matter. 

needle, if dry, ſwims upon water; and flies walk 
upon it without wetting their feet. [ 
3 repelling force of the particles of a flui 
is but ſmall; and therefore, if a fluid be divid 
it eaſily unites again. But if glaſs, or any other 
hard ſubſtance, be broke into-ſmall parts, they 
cannot be made to ſtick together again without 
being firſt wetted : the repulſion being too grrat 
to admit of a re-union, _ ) 

The repelling force between water and oil is 
ſo great, x 47 we find jt almoſt impoſſible to mix 
them ſo, as not to ſeparate again. If a ball of 
light wood be dipt in oil, and then put into wa- 
ter, the water will recede ſo as to form a channel 
of ſome depth all around the ball. 

The repulſive force of the Nan of air is ſo 
great, that they can never be brought ſo near to: 
gether by condenſation as to make them ſtick or 
cohere. Hence it is, that when the weight of 
the incumbent atmoſphere is taken off from wy 
ſmall quantity of air, that quan. ity will diffuſe 


itſelf ſo as as to occupy (in compariſon) an infi- 


nitely greater portion of ſpace than it did before. 

Attraftien of gravitation is that power by 
which diſtant bodies tend towards one ano- 
ther. Of this we have daily inſtances ip the fal- 
ling of bodies to the eatth, By this power in the 


earth it is, that bodies, on whatever ſide, fall in 


Iines perpendicular to its ſurface; and conſe- 
quently, on oppoſite ſides, they fall in oppoſite 
directions; all towards the center, where the 
force of gravity is as it were accumplated-; and 
by this power it is, that bodies on the earth's. 
ſurface are kept to it on all ſides, fo that they 
cannot fall from it. And as it acts upon all bo- 
dics in proportion to their reſpective. quantities 
of matter, without any regard to their bolks or 

figures, 


y—— — — — F * —— 8 8 OY 
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1 it accordingly conſtitutes their weicht. 


Hence, 

If two. bodies which contain equal quantit 
of matter, were placed at ever ſo great a diſta 
from one apotber, and then left at liberty in fret 


=o 


ſpace ; if there were no other bodies in the uni- 


verſe, to affect them, * would jal fall cqually ſwift 
towards one another by the power _ "THY 
with velocities accelerated as they appro 

each other; and would. meet in à point Nt whlch 


was half way between them at firſt. , Or, if two 


bodies containing unequal quantities of matter, 
were placed at any diſtance, and left j in the ang 
manner at liberty, they would, fall, towards..one 
another with velocities which would be in an 
inverſe proportion to their teſpectise quantities 
of matter; 49d moving falter and falter in their 
2 tual pech. would at laſt meet in a 8 

neater to the N from which the 
wil y began . „than to the place 


from which. the Ther body began to — 2 


the quantity of matter in the former 
that in the latter. 


All bodies that we know of have gravity 12 * 


weight, For, that there is no ſuch thin ebe 
ſitive levity, even in molke, vapours, and fumes, 
is demonſtrable by Seiz on the Kir-, 
pump; which ſhews, that although the ſmoke 
of a candle aſcends to the 1p of 
when full of air, yet, upon air's being 

hauſted out of the receiver, the ſmoke falls —— 
to the bottom of it. So, if a piece of wood be, 


immetſed in a jar of water, the wood will riſe to, 


the top of the water, becauſe it has a leſs 


of weight than its bulk of water, has; but if the | 
jar n of e, the wood all to the, 


bottom. g 1055 As 


a tall 1 : 
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Gravity As every particle of matter has its proper 


demon. gravity, the effect of the whole muſt be in g- 


5 portion to the number of the attracting partieſes; 


quantity that is, as the quantity of matter in the whole 

of matter body. This is demonſtrable by experimentg on 

in bodies, pendulums; for, if they are of equal lengths 
whatever their weights be, they vibrate in Sal 


times. Now it is plain, that if one be double or 


triple the weight of another, it muſt require a 


double or triple power of gravity to make it 


move with the ſame celerity : juſt as it would 
require a double or triple force to project a bul- 
let of twenty or thirty pound weight with the 
ſame degree of ſwiftneſs that a bullet of ten 


pounds would wy” map Hence it is evident, 


that the power or force of gravity is always pro- 
portional to the quantity of matter in bodies, 
whatever their bulks or figures are. n 
Gravity alſo, like all other virtues or emana - 
_ » tions which proceed or ifſue from à center, de; 
* — creaſes as the diftance multiplied by itſelf in- 
of the creaſes: that is, a body at twice the diſtance of 
diſtance another attracts with only a fourth part of the 
increales. force; at thrice the diſtance, with a ninth part; 
at four times the diſtance, with a ſixteenth part; 
and ſo on. This too is confirmed by compating 
A the diſtance which the moon falls in a minute, 
from a right line touching ber orbit, with the 
diſtance through which heavy bodies near the 
earth fall in that time. And alſo by comparing 
the forces which retain Jupiter's moons in their 


orbits, with their reſpective diſtances from Jupi- 


ter. Theſe forces will be explained in the next 
lecture. i 
The velocity which bodies near the earth ac- 
quire in deſcending freely by the force of gravity, 
s proportional to the. times of their ow 
or, 


—_ SS e 
2 


„ 
— 


* 


as. . . ²—˙ MS. cans a. . wad 
* 


For, as the power of gravity does not conſiſt in 
a ſingle impulſe, but is always operating in a 
conſtant and uniform manner, it muſt 
equal effects in equal times; and conſequently in 
a double or triple time, a double or triple effect. 
And fo, by acting uniformiy on the body, muſt 
accelerate its motion \ ay quay to the Wn 
of its deſcent,  / 

To be a little more particular on this ſubjeR, 
let us ſuppoſe that a body begins to move with 
a celerity conſtantly and gradually increafing, in 
ſuch a manner, as would carry it through a mile 
in a minute; at the end of this ſpace it will have 
acquired ſuch a degree of celerity, as is ſufficient 
to carry it two miles the next minute, though it 
ſhould then receive no new impulſe from the 
cauſe by which its motion had been accelerated: 
but if the ſame accelerating cauſe continues, it 
will carry the body -a mile farther; on which 
account, it will have run through four miles ar 
the end of two minutes; and then it will have 
acquired ſuch a degree of celerity as is fufficient 
to carry it through a double ſpace in as much 
more time, or eight miles in two minutes, even 
though the accelerating force ſhould act upon it 
no more. Burt this force ſtill continuing to ope- 
rate in an uniform manner, will again, in an 
equal time, produce an equal effect; and fo, by 
carrying it a mile further, cauſe it to move 
through five miles the third minute: for, the 
celerity already acquired, and the celerity {till 
acquiring, will have each its compleat effect. 
Hence we learn, that if the body ſhould move 
one mile the firſt minute, it would move three 
the ſecond, five the third, ſeven the fourth, nine 


the ſth, and fo on in proportion; 


b 1.41" & © 1 ” 
* 


And 
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And thus it appears, that the ſpaces deſcribed 


in ſucceſſive equal parts of time, by an-uniformly | 


accelerated motion, are always as the odd nums 
bers-1, 3, 8, 7» 9, Kc. and conſequently, the 
whole ſpaces axe as the ſquares of the times, or of 
the laſt acquired velocities. For, the continued 
addition — 
of all numbers from unity u —_— Thus, 1 1s 
the firk; odd number, and the vate of 1% 1; 
3 is the ſecond odd number, this added ta 
makes 4, the ſquare of 2; 5j is the third odd 
number, which added to 4 makes , the ſquare 
of 3; and ſo on for ever. Since, therefore, the 
times and velocities proceed evenly and conſtants 


Iy as 1, 2, 3, 4, &c. but the ſpaces deſcribed: in 


each equal time are as 1, 3, 5, 7. Ac. it is evi- 
dent that the ſpace deſcribed 


a ona. | 


The de- 


ſcend'ng 
| velocity 

will give 
a power 

of equal 

aſcent. 


Fig. 2. 


In 2 minutes - 4+3= 4=ſquare of 2 


In 3 minutes - 1+3+5= g=ſquare of 3 
In 4minutes 1 S I of 4 &. 


N. B. The character + ſignifies more, and | 


1 --- equal, 


As heavy bodies are uniformly accelerated by 
the power of gravity in their deſcent, it is plain 
that they muſt be uniformly retarded by the 
ſame power in their aſcent, Therefore, the ve- 
locity which a body acquires by falling, is ſuffi- 
cient to carry it up _ to the ſame height 
from whence it fell: allowance being made for 
the reſiſtance of the air, or ather medium in 
which the body is moved. Thus, the body 
in rolling down the inclined plane 4B will 


asquire ſuch a velocity by the time it W at 
hy "Ka. 


the odd; numbers yields the ſquares 
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B, as will carry it up the inclined plane BC, al- 
moſt ro C; and would carry it quite up to C, el 
the body and plane were perfectly ſmooth, an 
the air gave no refiſtance.——So, if a pendulum 
were put into motion in a ſpace quite void of 
air, and all other reſiſtance, and had no friction 
on the point of ſuſpenſion, it would move for 
ever: for the velocity it had acquired in falh 
— * deſcending part of the arc, * 

Mcient cart oh ly high in th 
eng part thereof.” Fe: N 


The * of gravity is that point of a body 


13 


The cen- 


in which the whole force of its gravity or weight ter of 
is united. Therefore, whatever ſupports that 9'*vity, 


point beats the weight of the whole body: and 
whilſt it is ſupported, the body — fall; 
becauſe all its parts are in a perfect nen 
abqut that point. 

An imaginary line drawn from the ain 
y towards the center of the 
earth, is called the line direction. 
all heavy bodies deſcend, if not 6bſtruced: 

Since the whole weight of a body is united in 
its center of gravity, as that center aſcends or 


and ling 


In this line of dĩrec- 


tdtioa. 


deſcends we muſt look upon the whole body to 


do ſo too. But as it is contrary" to-the nature of 

bodies to aſcend of their \own accord, or 
not to deſtend when they are permitted; we 
may be fore that, unleſs the center of gravity 
be ſupported; the whole body will tumble or 
fall. Henee it is, that bodies ſtand upon their 


baſes When the line of direction falls within che 


daſe; for in his caſe the body cannot be made 


to fall without firſt raiſing the center of 
higher than it was before: Thus, the N Fig. 4+ 
is 


body ABCD, whoſe center of 
ſtands firmly on is baſe OI, ddt th lige 
«(14 f O 


29 
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of direction E F falls within the baſe. But if 4 


weight, as ABGH, be laid upon the top of: che 
body, the center of gravity of the whole body 
and weight together is raiſed up to J; and then, 
as the line of direction ID falls without the ba 
at D, the center of gravity I is not. ſupported; 
and the whole body and weight tumble down 
together. 0G r * 
Hence appears the abſurdity of people's rift 
haſtily in a coach or boat when — N 
overſet: for, by that means they raiſe he cen- 


”Y 
* 


ter of gravity ſo far as to endanger ag} ag. it 
oF 


quite out of the baſez which if they do, 
overſet the vehicle effectually. Whereas, had 
they clapt down to the bottom, they would 
have brought the line of direction, and conſe- 
guently the center of gravity, farther within 
the baſe, and by that means might have ſaved 
themſelves. 515 12 
The broader the baſe is, and the nearer the 
line of direction is to the middle or center of it, 
the more firmly does the body ſtand. On' the 
contrary, the narrower the baſe, and the nearer 


the line of dirrction is to the ſide of it, the more 


eaſily may the body be-overthrown : a leſs change 
of - poſition being ſufficient to remove the line 
of direction out of the baſe in the latter caſe 
than in the former. And hence it is, that 4 
ſpbere is ſo eaſily rolled upon a horizontal plane; 
and that it is ſo difficult, if not impoſſible, to 
make things which are ſharp pointed to ſtand 
upright on the point.— From what hath been 
ſaid, it plainly * * that if the plane be in- 
clined on which the heavy body is placed, the 
body will ſlide down upon the plane whilſt the 
line of direction falls within the baſe; but it will 
mble or roll down when that my 
E514» 
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the baſe. Thus, the body 4 oil ovly ſlide Fig. .. 
down. the inclined plane CD, whilſt the body B 
rolls down upon it. 
When the line of direction falls within the 
baſe of our feet, we ſtand; and moſt firmly when 
it is in the middle: but when it is out of that 
baſe, we immediately fall. And it is not only 
pleaſing, but even ſurprizing, to reflect upon 
the various and unthought of methods and poſ. 
tures which we uſe to retain this poſition, or to 
recover it when it is Joſt. For this purpoſe we 
bend our body forward when we Lys from a 
chair, or when we. go up ſtairs: and for this 
pole, a man — when he carries a 

— on bis back, and backward. when he car- 
ries it on his breaſt; ; and to the right or left fide 
as he carries it on the oppoſite ſide. A thous 
land more inſtances might be adde. 

The quantity of matter in all bodies is in ex- 
act proportion to their weights, bulk for bulk. 
Therefore, heavy bodies are as much more 
denſe or compact than light bodies af the ſame 
bulk, as they exceed them in weight, 

All Cade are full of pores, or ; void of All bodios 
matter: and in which is the ane — an 


all known bodies, is perhaps ſl 
quantity of ſpace. than of matter. For th 

netiſm find an eaſy he par 
through the. old ; and even water 4 
has been — 2 — dem. Besides, if we 
conlider how eaſily the rays of light paſs through 


fo ſolid a body as glaſs, in all manner of direc- 
tions, we ſhall find reaſon to believe that bodies 


are much more porous than is r 1 


gined. 


All bodies are ſome way or other affefted by The ex 
neſs; at ee 
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| gh, breadth, and thickneſs thereby The Ml 
portion of the expanfiom of ſeveral metals, | 
— to, the belt experiments I have — 
able to make with my pyrometer; is nearly | 
Iron and glaſs as 3, ſteel 4, copper 4 and | 
eighth, braſs * EY 6, lead 6- and de 2 | 
An iron rod 3 feet long is about one zoth pow | 
| 


bf an inch lofger in ſummer than in wintet. 
The pro- The pyrometer here mentionecl being 15 
meter, aught 1 know) of 'a new conſtruction,” 4 des 
— tion of it may e be agreeable to the 
Fr. ET 
Fig. 3. © 4A is a flat piece of m 6oy, if which a | 
fixed four braſs ſtuds Fc: 5 anti two pins, | 
one at F and the other ar 1, On the pig i | 
F turns the crooked index E V and; pon = 
pin I the ſtraight index. {+ em — | 
piece of watch: R 6 ntly, 0 | 
preſſes it towards Ae Fer ng of the le MN, | 
over which the point of that index moves. This | 
ſcale is divided into inches and denth parts of an | 
inch: the firft inch is marked 1000, the ſecond | 
.,,, 2000, and ſo on. A bar of metal O is laid inte | 
-/: hotches in the top of the ſtuds C and D; one | 
esd of che ber een dee e 
{ 
| 
| 
| 
{ 
| 


F ſerew P, and the other end a the crook 
inden E / at a 2oth ts length from ſts 
eenter of motion F. oi it is N that hows 
ever much the bat O lengthens, it will move 
that pert of the index E I againſt which it bears 
juſt as far: but the crdoked end of the ſame in- 
dex; near H., being 20 times as far from the 
center of motion F as the point is againſt 
whieh the bat bears, it will move 20 times as 
far as the bar lengthens. And as this crooked 
and bears againſt the index GK at only a 2or 
Nen whole length G 8 from its center 
Ig! motion 
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motion N, the point $ will move through 3 
times the ſpace that the point of bearing near 57 
does. Hence, as 20 multiplied by 20 produces 
400, it is evident that if the bar lengthens but a 
400th part of an inch, the point & will move a 
whole inch on the ſcale; and as every inch is 
divided into, 10 equal parts, if the bar lengthens 
but the 10th part of the 40th part of an inch, 
which is only the 4000tb part of an inch, the 
point & will move the tenth part of an inch, 
which is very perceptible. enn 
To find how much a bar lengthens by heat, 
firſt lay ĩt cold into the notches of the ſtuds, and 
turn, the, adjuſting ſcrew Y until the ſpring R 
brings the point S of the index GK to the begin- 
ning of the diviſions of the ſcale at M.: then, 
without altering the ſcrew any farther, take off 
the bar and rub it with a dry woollen cloth till ic 
feels warm; and then, laying it on where it 
was, obſerve how far it puſhes the point & upon 
the ſcale, by means of the crooked index EI, 
and the point & will ſhew exactly how much the 
bar has lengthened by the heat of rubbing. . As 
the bar cools, the ſpring R bearing againſt the 
index KG, will cadſe its point S to move gra- 
dually back towards M in the ſcale: and when 
the bar is quite cold, the index will reſt at MA. 
where it was before the bat was made warm by 
rubbing. The indexes have ſmall rollers under 
them at I and X; which, by turning round on 
the ſmooth wood as the indexes move, make 
their motions the eaſiet, by taking off a great | 
part of the friction, which would otherwiſe be | 
on the pins F and H, and of the points of the 
indexes,themfelves on the wood. r 
Beſides, the univerſal properties above- men- Mague- 
tioned, there are bodies which have properties tiſa. 
1 : 25 4 1 k | pecu- 
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11 to themſelves: ſuch as the loadttone; þ 
which the moſt remarkable are cheſe; 1. 11 
attracts iron and ſteel only. 2, It conſtanth) 
turns one of its ſides to the north and another 
to the ſouth, when ſuſpended by a thread that 
does not twiſt. 3. It e all its pro- 
perties to a piece of ſteel when rubbed upon ity 
without loſing any it 

According to Dr. Helſhants ex ents, te 
attraction of the loadſtone decreaſes as the ſ ond 
of the diſtance increaſes, Thus, if al 
be ſuſpended at one end of a balance, and eching | 
terpoiſed by weights at the other end, and g 
flat piece of iron be placed beneath it, at che 
diſtance of four tenths of an inch, the ſtone will 
immediately deſcend and adhere to the iron; 
But if the ſtone be again removed to the fame 
diſtance, and as many grains be put into rhe 
ſcale at the other end as will exactly ein, 
lance the attraction, then, if the i 58 be bravght 
twice as near the ſtone as before, that is, an 
two tenth parts of an inch from it, there mu 
be four times as many grains put into the ſcale? 
as before, in order to be a juſt counterbalance 
to the attractive force, or to hinder the ſtone 
from deſcending and adhering to the iron. So, 
if four grains will do in the former caſe, there 
muſt be ſixteen in the latter. But from ſome 
later ex riments, made with the greateſt ac 
curacy, it is found that the force of magnetiſm 
decreaſes in a ratio between the reciprocal of the? 
ſquare and the reciprocal of the cube of the di. 
ſtance; approaching to the one or the other, as] 
the magnitudes of the attracting bodies are varied. 

Several bodies, particularly amber, glaſs, jet, 
ſraling-wax, agate, and almoſt all, precious 


ſtones, have a peculiar property of a 
3 an 
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RODE hgtt bodies ven heared by rub- 
— is called ae aiiraiion, in 
pry A the thief things to de vbſerved'are,” 1 if 
a tube about an 2 — — X 
* — ed ate | 
ding, it wi and all 
1 15 inches. — 
does not ut 'by: heated wichout rub: 
. Any light body: being once 2 
by the tube, ——— 
has touched nit othtr body. 4. 2 
robbed: by A moiſt hand, or any ching thar is 
wet, it totally defttoys the electricity. 53. Any 


bod air, d he 
e 6. The tote eras Wenger when 


rubbed over with'bees-wax, and then with a dry 
woolteh elorh. 7. When it is-well rubbed; if 
a finger 'be brought near it; at about the dif 
tance of half an inch, the efluvia will hap 
againſt the finger, und make a little crackling 
noiſe; and f this be performed in a dark place; 
nn 6 
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E hive already mentioned it un novel, Motion of 
ſary vence ariling from the dead 1 
neſs of inaRivity of matter, that all bodies 7 te al 
endeavour to continue in the tate they are in, bodies. 
wherhet of reſt or motion. If the body A were Plue II. 
placed in any part of fret , where nothin Fig. bs 
either draws or impek it atty way, it would 
ever remain in that part E e becu —. it 
could have no tenden of ith 
way from thenee. if ie ROD « — . 
C 2 pulſe 


* 
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pulſe any way, as ſuppoſe from A towards B. it 
will go on in that direction; for, of itſelſ it 
could never ſwerve from a right line, nor ſtop 
its courſe. When it has gone through the ſpace 
AB, and met with no reſiſtance, its velocity 
will be the ſame at B as it was at 4. and chis 
velocity, in as much more time, will carry it 
through as much more ſpace, from B to C and 
ſo on for ever. Therefore, when we ſe a body 
in motion, we conclude that ſome other  fubs 
ſtance muſt have given it that motion ; and 
when we ſee a body fall from motion to reſt, we 
conclude that ſome other * or cauſe ſtopt it. 
As all motion is naturally rectilineal, it ap- 
pears, that a bullet —— by the * or 
ſhot from a cannon, would for ever continue to 
move in the ſame direction it received at ſirſt, if 
no other power diverted its courſe. Therefore, 
when we ſee a body move in a curve of any kind 
whatever, we conclude it muſt be. acted upon by 
two powers at leaſt; one putting it in motion, 
and another drawing it off from the rectilineal 
courſe it would otherwiſe have continued to 
move in: and whenever that power, which bent 
the motion of the body from a ſtraight line into 
a curve, ceaſes to act, he body will again move 
on in a ſtraight line touching that point of the 
curve in which it was when the action af that 
power ceaſed. For example, a pebble moved 
round in a fling ever ſo long a time, will fly off 
the moment it 1s ſer at liberty, 2 ſlippiog one 
end of the ſling · cord: and will go on in a. line 
touching the circle it deſcribed before: which 
line would actually be a ſtraight, one, if the 
earth's attraction did not affect the pebble, and 
bring it down to the ground. This ſhews that 
the natural — of the pebble, when PU 


lk RVs ws. wel, wh ut 
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into motion, is to continue moving in a ftraigh 
line, although by the force that moves the ſling 
it be made to revolve in a circle. 

The change of motion produced is in propot- The ef. 
tion to the Fares imprefitd for the effects of 3 
natural cauſes are always proportionate to the — 
force or power of N roy WOT, 

By theſe laws it is/eafy' to that a body 
will deſcribe the diagonal of a ſquare or pa- 
rallelogram, by two forces conjoined, in the 
fame time that it would deſcribe either of the 
ſides, by one force ſingly: Thus, ſuppoſe the 
body A to repreſent a ſhip at ſea; and that it is Fig. 2. . 
drove by the wind, in the right line AB, with 
ſuch a force as would carry it uniformly from A 
to ̃ in a minute: then, ſuppoſe a ſtream or cur- 
rent of water running in the direction AD, with 
ſuch a force as would carry the ſhip through an 
equal ſpace from A to D in a minute. By theſe 
two forces, acting together at right angles to 
each other, the ſhip will deſcribe the line A EC 
in a minute: which line (becauſe the forces are 
equal and perpendicular to each other) will be 
the diagonal of an exact ſquare. ' To confirm 
this Jaw by an experiment, let there be a wooden 
ſquare ABC fo contrived, as to have the part pig. 3. 
BEFC made to draw out or puſh into the ſquare 
at pleaſure. Fo this part let the pulley ¶ be 
joined, ſo as to turn freely on an axis, which 
will be at H when the piece is puſhed in, and 
at þ when it is drawn out. To this part let the 
ends of a ſtraight wire æ be fixed, fo as to move | | 
along with it, under the pulley; and let the ball 
G be made to ſlide eaſily on the wire. A thread 
m is fixed to this ball, and goes over the pulley 
to I; by this thread the ball may be drawn up 
on the wire, parallel to the fide AD, when the 

C 3 part 


 BEBARSBEBmESGOSSSEPRADWERYT BaAYTHEASES 8 8K 
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Fig, 4. 


; ok BEEFC is puſhed as far a 


the {quare, and the ſame time carried 
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e ſquare. But, if this pact out, 
2 Gr the _— all 85 9 . an 
tro vate | e 

ball C NY cy be ran petpeodicu 

ward by BY cad 79 ar Sorel, 
zontally along by pang . we part BE 
in equal, anc Apa 95 TAG Ku ell 


ff. ing couplly apd Epararoly uno. 
Bok. # if. 18 NN al 19s is at G, the upper end af 
thread den ro he pip 4, inthe e FELF 


of the Ned f. yare, and the 
FS 8 out, the ball . 5 


on by both the powers together 
bt drawn up by the cd ba wy t 
wire k towards the right hand BC, 


l 
the while in the ding onal line Lz. an vin al 
wed at g when the {liding part isdrawn outs 
; it was before; which then will have cauſed 

thread to draw up the ball ta the tap of the 
iofide of the Aua . as high as it was before, 
when Ora wn u 7 by the thread without 
movin 01 05 
If the Hing RP. We but at E 
angles to each other, fo will the ſides 
arallelogram be: and the Gi onal run .. 
by the moving body will be longer or ſhorter, 
according 6 the obliquity is greater or ſmaller, 
Thus, if two equal forces act conjointly upon tho 
body 4, one having a tendency to move it 
through the ſpace AB in the ſame time that the 
— 2 a tendency to move it through an eq ual 
ſpace AD; it will deſcribe the diagonal 460 
in the ſame time that either of the lingle forces 
would have cauſcd it to deſcribe eitber of the 


ſides, If one of che forces be greater than the 
other, 


— 
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other, then one fide of the parallelogram will be 
ſo much longer than the pther. For, if one force 


ſingly would the through the fpace 
A In dle Ane Um re oer would have 
carried it through the fpace 4 D, the joint action 
of both will carry it in the ſume time Gough 
the fpace IHR which is the diagonal of the 
oblique paraflelogtam E. 

If both forces act upon the body in Touch à 
manner, as to move it uniformly, the Gogh 
deſcribed will be a ſtraight hne; but if obe of 
the fortes acts in ſuch a manner as to make the 
body move faſter and faſter as it goes forward, 
then the line deſcribed will be a curve. And 
this is the caſe of all bodies which are projected 
in reckilineal directions, and at the Tame time 
acted upoh by the power of gravity ; which has a 
conſtant rendency to accelerate their motions in 
the ditettion wherein it acts. 


From the uniform projectile motion of bodies in The laws 
ſtraight lines, und the univerſal power of gravity of thepla- 


or attraction, ariſes the curvllineal motion of a 
the heavenly bodies. If the body A be projected 


along the ſtraight line FH in open ſpace, rig, 3. 


where it meets with no reſiſtance, and is not 
drawn aſide by any power, it will go on for 
ever with the ſame velocity, and in the ſame 
direction. But if, at the ſame moment the 
projectile force is given it at A, the body & be- 
gins to atttact it with a force duly adjuſted “, 
and perpendicular to its motion at 4, it will then 


be drawn from tlie ſtraight lige AFH, andfotced 


To make the projectile force a juſt balance to the gra- 
vitating power, ſo as to Keep the planet moving in s circle, 
it muſt give ſuch a velocity as the planet would acquire by 
gravity when it had fallen through half the ſemidiameter of 

circle, | | 


24 


See Plate 


ſame manner, and by the ſame law, that a pech 


mon center of gravity of all the three; le 


Of central Forces. 


8 4 4,46 
to revolve about & in the circle 47%; in thei 
ble is moved round in a fling. And if, Wheß 
the body is in any part of its orbit (as ſuppoſß 
at Y) a ſmaller body as L, within the {| of 
attraction of the body K, be projected in the 
right line L M, with a force duly adjuſted, ang 
perpendicular to the line of attraction LX, then 
the ſmall body L will revolve about the large 
body K in the orbit, NO, and accompany it ul 
its whole courſe round the yet larger body $88 
But then, the body K will no longer move my 
the circle AT}; for that circle will now be 
deſcribed by the common center of gravity b 
tween K and L. Nay, even the great body 
will not keep in the center; for it will be the 
common. center of gravity between all the three? 
bodies S, K, and L, that will remain immoye 
able there. So, if we ſuppoſe ò and K connedted 
by a wire P that has no weight, and K and £8 
connected by a wire 9 that has no weight, then 
common center of grayity of all thele threes 
bodies will be a point in the wire P near $3 
which point being ſupported, the bodies will bet 
all in equilibrio as they move round it.  Thouga 
indeed, ſtrictly ſpeaking, the common center of 
gravity of all the three bodies will not be in the 
wire P but when theſe bodies are all in a right 
line. Here, $ may repreſent the ſun, the | 
earth, and L the moon. ..-... 
In order to form an idea of the curves dex 
ſcribed by two bodies revolving about their com 
mon center of gravity, whilſt they themſelyes 
with a third body are in motion round the c 


us firſt ſuppoſe E to be the ſun, and e ths 
carth going round him without any moon; = 
| | eu” 


Of central Forces. 
their moving forces regulated 'as' above. In 
this caſe, whilſt the earth round the ſun in 
the dotted circle RT UA, &c. the fun will The 
go round the circle AB D, whoſe” center C is c— 
the common center of grayity between the ſun be les by | 
and earth: the t Ine g repreſenting the yolviog 
mutual attraction between them, by which they about 
are as firmly coiineBied us H they were fixed at *b<ir com- 
the two ends of an iron bar ig enou a xr ofg: — 
hold them. So, when the earth is Fog e fun vic 
will be at E; when the earth is at 7, the ſun 
will be at P, and when the earth is at g, the ſun 
will be at G, &c. 

Now, let us take in the moon ꝗ (at the top of 
the figure) and 7773 the earth © have no pro- 
greſſive motion about the ſun; in which caſe, 
whilſt the moon revolves about the earth in her 
orbit ABC, the earth will revolve in the 
circle & 13, whoſe center R is the common cen- 
ter of gravity of the earth and moon; they be- 
ing connected by the mutual attraction between 
them in the ſame manner as the earth and ſun 
are. 

But the truth is, that whilſt the moon older N 
about the earth, the earth is in motion about 
the ſun: and now, the moon will cauſe the 
earth to deſcribe an irregular curve, and not a 
true circle, round the ſun; it being the common 
center of gravity of the earth and moon that will 
then deſcribe the fame circle which the earth 
would have moved in, if it had not bren at- 
tended' by a moon. For, ſappoſing the moon 
to deſcribe a quarter of her progreſſive 'orbir | 
about the earth in the time that the earth moves 
from e to f; it is plain, that when the earth 
comes to , the moon will be found at r; in 
which time, their common center of 4 


Vvity of the earth and moan will deſcribe the 


thus, whilſt the moon goes once round the ca 


1 
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will have deſcribed the dotted arc R 1.7,/ thai 
earth the eyrye R 5 f, and the moon the _curys 
9.14 r. Io the tinte that the moon deſcribes 
another quarten of her orbit, the center of ore 
ot- 
ted arc T' 2 U, and the earth the curve f H 
and the moon the curve r 134, and ſa on—A 


in her progreſſive orbit, their common centet 
N. deſcribes the regular portion af a d, 
R1 7. U3 / 4 WW, the earth the irregular curvge 
R5f6g7h8:, and the moon the yet mares 
irregular curve 11471155 16 1 17; and 
che ſame kind of tracks over again. 
The center of gravity of the earth and mea 
6000: miles from the earth's center * | 
moon; therefore the circle & 13 whi earth Þ 
deſcribes round that center of gravity ( in e 
courſe of the moon round her D l L 
miles in diameter. Conſequently th co 5 | 
12,000 miles nearer the ſun at the time of full 
moan than at the time of new. [See the earth 
and at 5. 1 
To avoid canfufien in fo ſmall a figure, we 
have ſuppoſed the moon ta. go only twice a 
half round the earth, in the time that N 
goes ence raund the ſun: it being impoſſible 8 
take in 7 the revolutions which he pa 
ar, and to give a true figure r path, uns 
leſs we ſhould make de at gar of the 
earth's orbit at leaft 84 inches; and then, tary 
proportional ſemidiameter of the moon's. abi 
would be only. quarter of an inch. For array 
figure of the maon's path, I refer the reader 109 
my. Treatiſe of Aſtronomy; 91 
If the moon made any compleat number of 
revolutions about the earth in the time that 


earth makes one revolution about the ſun, then 
| paths | 


* 
* 
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of the ſun and man wayld-mtyen into 

hg end of.,cvery; year; — 4 
they return not into 
chan 19 years.nearly ; in which 
zime, the nearly 19 tiong 
about the . and. e en 235 sbom de 


— 
Feger be attraged. towards, dite, un Plate IT, 
with ſuch à force as would make it fall: from A Fig: 5. 
to I, in the time that the preiectile impullc 
would haue Carried it from A 0 F. it will, de- 
ſcribe the arc AG by the combined action of whale | 3 
forces, in the fame time chat the former would , ele 
have gauſed it to fall from A to R. or the latter Foce ba- 
have carried it from & ta F. Nut, if the projec- lances a 
tile force had been twice as great, that is, ſuch as dpf 
vould haue carried the planet from 4 to l. in gn. 
the (ame time that naw, by the ſuppoſition, it 
urges ik 0p ener Apes the ſun's attraction 
wal then have been tour times. as ſtrong as for- 
57 30 have kept the planet in the eircle 
RA ſuch as would 
— cauſed the planet to fall 
which is four oy 169 OI 


1 | 
The, whirling-table is a machin courived for \ 
ſhewing experiments of this nature. £4 ie a Pig. . 
ſtrong frame af, wood, B a winch or n 

* Here the arcs 4. 41 moſt be fupnoſed to be » 


ſmall; otherwiſe J E, which is equal to HI, will be 
than quadruple to 4 B. which is.equal 9 FA 
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The fixed onthe axis C of the wheel O, round which 
— is the catgut ſtring F, which alſd goes round the | 
es ſmall wheels G and X, eroſſing between them | 
and the great wheel D. On the upper end of | 

{ 

| 


the axis of the wheel G, above the frame; 

fixed the round board d, to which the bearer 

MS X may be faſtened occafionally, and remov- 

ed when it is not wanted. On the axis of the 

wheel H is fixed the bearer NT Z: and it it 

eaſy to ſee that when the winch B is turned, the 

wheels and bearers are put into a whirling mo- | 

tion. 0 | £7] * 6 » 7 LOSE i 

Each bearer has two wires, V, I, and J, Z, { 
( 
| 


fixed and ſcrewed tight into them at the ends by 
nuts on the outſide. + And when theſe nuts ate 
unſcrewed, the wires may be drawn out in 
order to change the balls U and V, which flide 
upon the wires by means of braſs loops fixed in- 
to the balls, which keep the balls up from touth- 
ing the wood below them. A ſtrong filk line 
oes through each ball, and is fixed to it-at any 
— from the center of the bearer to its end, 
as occaſion requires, by a nut- ſcrew at the top of 
the ball; the ſhank of the ſcrew goes into the 
center of the ball, and preſſing the line againſt 
x the under fide of the hole that it goes through. 
he line goes from the ball, and under a ſmall 
pulley fixt in the middle of the bearer ; then - 
through a ſocket in the round plate (ſee Sand 7) 
in the middle of each bearer; then- through a 
flir in the middle of the ſquare top (O and ) 
of each tower, and going over a ſmall pulley on the 
top, comes down again the ſame way, and is at 
laſt faſtened to the upper end of the ſocket fixt 
in the middle of the above-mentioned. round 
Plate. Theſe plates & and 7 have each four 
round holes near their edges for letting _—_ 
$-, | c 
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ide up and down upon the wires which make g 
the corner of each tower. The balls and plates 
being thus connected, each by its particular 
line, it is plain that if the balls be dran outward, 
or towards the ends M and M of their reſpective 
bearers, the round plates S and T will be drawn. 
up to the top of their reſpective towers O and. f. 
There are ſeveral — hs ſome of tuo 
ounces, ſome of three, and ſome of four, to be 
occaſionally put within the towers O and P, upon 
the round plates $ and T. each weight having 
around hole in the middle of it, for going upon 
the ſockets or axes of the plates, and is th — 
the edge to the hole, for allowing it to be ſlipt 
over the foreſaid line which comes from each 


ball to its reſpective platte. 
The experiments to be made by this machine 
are, . g g 


wth neren 
1. Take away the bearer, MX, and take che pig. 1. 
ivory ball @, to which the line or ſilk cord & is 
faſtened, at one end; and having made a loop on 
the other end of the cord, put the loop over a 
pin fixt in the center of the board d. Then, 
turning the winch, B to give the board a whirling The pro- 
motion, you will ſee that the hall does not imme - penfity of 
diately begin to move with the board, but, on mutter to 
account of its inactivity, it endeavours to conti- A 
nue in the ſtate of reſt which it was in before. in. 7 
Continue turning, until che board communicates 
an equal degree of motion with its on to the Fd 
ball, and then turning on, you will perceive that 
the ball will remain upon one part of the board, 
keeping the ſame velocity with it, and having no 
relative motion upon it, as is the caſe with every. , 
thing that lies looſe upon the-plane-ſurface of the | 
earth, which having the motion of the earth 
communicated to it, never endeavours Wagen ä 
| | fro 
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from that place. But ſtop the board ſuddenly 
by hund, and the ball will go on, and eve 
thve to revolve upon the board, until the 
friction thereof ſtops its motion: Which hot 
tchur matter being once put into motion, 
would continue to move for ever, if it met With 


no reſiſtante. In like manner, if a perſon hands 


in a boat before it begins to move, be 
can Rand firm; but the moment the boat ſets 
off, he is in danger of falling towards that place 
which the boat departs from: becaule, as mit- 
ter, he has no natural nſity to move. Hut 
when he acquires the motlon of the boat, let it 
be evet fo ſwift, if it be ſmooth and uniform, he 
will ſtand as vpright and firm as if he was on the 
plain ſhore; and if the boat ſtrike againſt any 
xe; he will fall towards that e; on 
account of the propenſity he has, as matter, t6 
keep the motion which the bott has put Him 
into. „ an 2 in 
2. Take away this ball, and put a longer cord 

to it, which may be put down through the helle 
axis of the bearer MX; and wheel U, and H 
weight to the end of the cord below the its 
chine ; which weight, if left at liberty, will draw 

q the ball from the edge of the whirling-board'to 


orbits found with the board, and will gradually fly off 


bare a Farther and farther from the center; and raiſe up 


10 ü ont the weight below the machine: Which ons 


to ff 
of theſw that all bodies tevolvitg in circles have 3 ten- 
orbics. deney to fly off from theſe circles, and muſt have 
ſome power acting upon them from the center of 
motion, to keep them from flying off. Stop che 
machine, and the ball will contihae e 
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for ſome time upon the board; but us che fries \ 


tion vor ſtops its motion, the weight act | 
upon it will. br ing it nearer and nearer to 


center in vis Wire * until it brings k N 
quite thither. This ſhews, thut if the mah 
— with any refiftance in going rounch the ſun, 
its attractive power would ing tm neunter ani 
* to it in Dr revolution until * 1 
h r.. 0 

3. Take hold of the cord betow the machine Bodies 

with one hand, and with the other throw the ball more 
upon the round board as it were ar right angles faſter in 

to the cord, by which means it wilt go round fit, or- 

and round upon the board. Then obſerving in lage 

with what velocity it moves, pull the cord bes ones. 

low the machine, which will bring the ball nearer 

to the center of the board, and you will ſee that 

the nearer the hall is drawn to the center, the 

faſter it will revolve; as thoſe planers'which are 

neareſt the ſun revolye faſter than thoſe which 

are more remote; and not only go round ſooner, 

becauſe they deſcribe” ſmaller circles, but eren 

_— faſter in yo part of their W 

circ | 

4. Take away this ball, ng yyy the bearet - Their 
whoſe center of motion is in its middle at centiifu- 

, directly over the center of the whirlin og: -board gel forces 
4 Then put two balls (/ and. CU) of equal n. 
weights upon their bearing wires, and having 
fixed them at equal diſtances from their . 221g 
centers of motion ww and K. upon their ſilk cords, 2 
by the ſcrew nuts, put equal weights in the Ae ure 
towers O and P. 'Laftly, put the ca ftrings'' 1») 

E and F upon the grooves G and H of the ſmat 
wheels, which being of equal diameters, will give 

equal velocities to the bearers above, when the 

woch B is turned: and the balls U and Vwill 


fly 


* - 
2 * 
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by off towards AM and V; and will raiſe 
weights in the towers at the ſame inſtant. Th 


ys 
7 put a hall inte 
MA, at a ug frog the 
center, and p tha op- 
by” polite bearer, at the whole diſtance x, which 
As equal to w2z from the center of the bearer ; 
and fix the balls at theſe diſtances on their cords, 
by the ſcrew nuts at top; and then the ball U, 
' » which is fix times as heavy as the ball V, will be 
p * poly a ſixth av of the Gare pu its gen. 
ter of motion; and u willrevolye. 
a circle of ona 1755 e 51-4 
of the circle in which / revoſves. Now, let any 
equal weights be put into the towers, and the 
machine be turned by the winch; which (as the 
catgut ſtring is on equal wheels below). wil 
cauſe the balls to revolve in equal times; hut / 
will move 6x times as faſt as U, becauſe it ſe. 
volves in a circle of ſix times its radius z and 
both che weights in the towers will riſe at once. 
This ſhews, that the centrifugal forces of revolv- 
ing bodies (or their tendencies . 5 off from the 
circles they deſcribe) are in direct proportion to 
their quantities of matter multiplied into cheit 
reſpective velocities; or into their diſtances rom 
the centers of their reſpective circles. For, ſup- 
poſing U, which weighs ſix ounces, to be to 
inches from its center of motion m, the weight 
multiplied by the diſtance is 123 and ſuppoling 
V, which weighs only one ounce, to be 12 ine 
diſtant from the center of motion x, the weight 
1 Qunce multiplied. by the diſtance. 12 mr. 
; r Rent 
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612. And as they revolve in 1 their 
velocities are as their diſtances from the center, 
namely, as 1 to 6. x * wy 
If theſe two balls be fixed at equal diſtances 
from their vs nate? centers of motion, they 
will move with equal. velocities ; and if the 
tower O has 6 times as much weight pur into it 
as the tower P has, the balls will raiſe their 
weight exactly at the ſame moment. This 
ſhews that the ball U being fix times as heavy as 
the ball Y, has ſix times as much centrifugal 
force, in deſcribing an equal circle with an equal 
velocity. ET NEO | | It 
6. If bodies of equal weights revolve in equal 
circles with Al eh their 5 — 
forces are, as the ſquares, of the velocities. To the ſame 
rove this law by an experiment, let two balls <7, is 
U and of equal weights be fixed on their cords ,, , — 
at equal diſtances from their reſpective centers druple 
of motion w and ; and then let the catgut power of 
ring E be, put round the wheel X (whoſe cir- SviV. 
* is only one half of the circumference 
of the wheel NH or G) and over the pulley s to 
keep it tight; and let four times as much weight 
ve put into the tower P, as in the tower O. 
Then turn the winch B, and the ball Y will re- 
volve twice as faſt as the ball U in a circle of the 
lame diameter, becauſe they are equidiftant from 
the centers of the circles in which they revolve; 
and the weights in the towers will both riſe at 
the ſame inflati which ſhews that a double ve- 
city in the ſame circle will exactly balance a 
quadruple power of attraction in the center of 
the cirele. For the weights in the towers may 
be conſidered as the attractive forces in the cen- 
«rs, ating upon the revolying balls; which, 
Warn th 


Of central Forces. 
moving in equal circles, is the ſame thing as if 
they both moved in one and the ſame circle. 

7. If bodies of 2 weights revolve in un- 
ual circles, in ſuch a manner that the ſquares 
the times of their going round are as the 
cubes of their diſtances from the centers of the 
circles they deſcribe; their centrifugal forces are 
inverſely as the ſquares of their diſtances from 
thoſe centers. For, the catgut ſtring remaining 
as in the laſt experiment, let the diſtance of the 
ball from the center x be made equal to two 
of the croſs diviſions on its bearer ; and the di- 
ſtance of the ball U from the center m be three 8 
and a ſixth part; the balls themſelves being of el 
equal weights, and Y making two revolutions WW 7 
by turning the winch, in the time that U makes 
one: ſo that if we ſuppoſe the ball to revolye 
in one moment, the ball U -ill revolve in two 
moments, the ſquares of which are one and fout: 
for the ſquare of 1 is only 1, and the ſquare of 
2 is 43 therefore the ſquare of the period or 
revolution of the ball Y, 1s contained four times 
in the ſquare of the period of the ball U. But 
the diſtance of is 2, the cube of which is 8, 
and the diſtance of U is 34, the cube of which 
is 32 very nearly; in which 8 is contained four 
times; and therefore, the ſquares of the periods 
of and U are to one another as the cubes ui 
their diſtances from x and w, which are the cen- 
ters of their reſpective circles. And if the 
weight in the tower O be four ounces, equal to 
the {quare of 2, the diſtance of Y from the cen- 
ter x; and the weight in the tower P be 10 


ounces, nearly equal to the ſquare of 34, ht WM upo 

diſtance of U from u; it will be found upon tum. chin 

ing the machine by the winch, that the balls Y fy « 

and / will raiſe their reſpective weights at 0 fart] 
near 
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nearly the ſame inſtant of time, Which con- 
firms that famous ſition of Kern, viz. 
that the ſquares of the periodical times of the 
planets round the ſun are in proportion to the 
cubes of their diſtances from him z and that the 
ſun's attraction is inverſely as the ſquare of the 
diſtance from his center: that is, at twice the 
diſtance, his attraction is four times leſs ; and 
thrice the diſtance, nine times leſs; at four times 
the diſtance, ſixteen times leſsz and ſo on, to 
the remoteſt part of the ſyſtem. * | 
8. Take off the catgut ſtring E from the 
great wheel D and the ſmall wheel H. and 
the ſtring F remain upon the wheels D and C. 
Take away alſo the bearer MAX from the whirl- 
ing-board d, and inſtead thereof put the 
chine AB upon it, fixing this machine 
center of the board by the pins c and d, 
a manner, that the end ef may riſe above the 


SBS ES SRESARSEPET . 


tubes a and 6, cloſe ſtopt at both ends; and 


In the tube à is a little quickſilver, which natu- 
rally falls down to the end à in che water, be- 
cauſe it is heavier than its bulk of water; and 
on the tube & is a ſmall cork which floats on the 


top of the water at e, becauſe it is lighter; and 
it is ſmall, enough to have liberty to riſe. or fall 
in the tube, While the board þ with this ma- 
chine upon it continues to reſt, the quickſilver 
lies at the bottom of the tube a, and the cork 
floats on the water near the top of the tube hᷣ. But, 
upon turning the winch, and putting the ma+ 
chine in motion, the contents of each tube will 
fly off towards the uppermoſt ends (which are 
fartheſt from the * of motion) the __—_ 
, WI 


board to an angle of 30 or 40 degrees. In the The ab- 
upper ſide of this machine there are two glaſs ſurdity of 


36 Of central Forces. 


with the greateſt force. Therefore the quick- 
filver in the tube a'will fly off quite to the end 
f, and occupy its bulk of ſpace there, excluding 
the water from that place, becauſe it is lighter 
than quickſilver ; but the water in the tube þ 
flying off to its higher end e, will exclude the 
cork from that place, and cauſe the cork to de- 
ſcend towards the lowermoſt end of the tube, 
where it will remain upon the loweſt end of the 
water near 5; for the heavier body having the 
greater centrifugal force, will therefore 0 
the uppermoſt part of the tube; and the lighter ci 
body will keep between the heavier" and the b 
lowermoſt par. 
This demonſtrates the abſurdity of the Carte. t. 
ſian doctrine of the planets moving round the b 
ſun in vortexes : for, if the planet be more d. 
denſe or heavy than its bulk of the vortex, it will W 
fly off therein, farther and farther from theſſun; fl: 
if leſs denſe, it will come down to the loweſt ſo 
part of the-vortex, at the ſun ; and the whole [3 
vortex itſelf muſt be ſurrounded with ſomethi th 
like a'great wall, otherwiſe it would fly quite off, w 
planets and all together, —But while gravity ex. Its 
its, there is no occaſion for ſuch vortexes; and ce 
when it ceaſes to exiſt, a ſtone thrown upwards 
will neyer return to the earth again. 
„ 9. If a body be ſo placed on the whirling- A, 
dy moves board of the machine (F 5 1.) that the center of WM th 
round gravity of the body be directly over the center ſo 
another, of the board, and the board be put into ever ſo fa 
— , rapid a motion by the winch 8, the body wil 
move turn round with the board, but will not remove 
round from the middle of it; for, as all parts of the 
their com- body are in equilibrio round its center of gravity, 
mon cen and the center of gravity. is at reſt in the center 
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nk; of motion, the centrifugal force of all parts 2 
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the body will be equal at equal diftances from 


remain in its place. But if the center of gravity 
be placed ever ſo little out of the center of mo- 


tion, and the machine be turned ſwiftly round, 


the body will fly off towards that ſide of the 
board on which its center of gravity lies. Thus, 


it the wire C with its little ball be taken away pig. 4. 


from the demi- globe A, and the flat fide ef of 
this demi- globe be laid upon the whirling- board 
of the machine, ſo that their centers may coin 
cide; if them the board be turned ever ſo quick 
by the winch, the demi-globe will remain where 
it was placed. But if the wire C be ſcrewed into 


the demi- globe at d, the whole becomes one 
body, whoſe center of gravity is now at or near 


d. Let the pin c be fixed in the center of the 
whirling- board, and the deep groove ò cut in the 
fat ſide of the demi- globe be put upon the pin, 


ſo as the pin may be in the center of A [See Fig. pig. 5. 


5. where this groove is repreſented at 5] and let 
the whirling-board be turned by the winch, 
which will carry the little ball B (Fig. 4.) with 
its wire C, and the demi-globe 4, all round the 
center-pin ci; and then, the centrifugal force of 
the little ball B, which weighs only one ounce, 
will be ſo great, as to draw off the demi -· globe 
4A, which weighs two pounds, until the end of 
= groove at e ſtrikes againſt — pin c; and 
o prevents the demi -· globe A from going any 
farther: otherwiſe, cke centrifugal Surg df B 
would have been great enough to have; carried 
4 quite off the whirling-board. Which ſhews, 
that if the ſun were placed in the very center of 
the orbits of the planets, it could not poſſibly 
remain there; for the centrifugal forces, of the 
planets would carry them quite off, and the ſyn 

D 3 ; with 


bs 
its center of motion, and therefore the body will 


Fig, 6. 
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with them; eſpecially when ſeveral of them hap. 
ned to be in any one quarter of the heavens. 
For the ſun and planets are as much connected 
by the mutual attraction that ſubſiſts between 
them, as the bodies 4 and B are by the wire C 
which is fixed into them both. And even if 
there were but one ſingle planet in the whole 
heavens to go round ever ſo large à ſun in the 
center of its orbit, its centrifugal force would 
ſoon _— —— 
greate y placed in 'any 
could be eaſily — becauſe if there . — 
other body to attract it, it could have no weight 
or gravity of itſelf; and conſequently, though it 
could have no tendency of itſelf to remove 
that part of ſpace, yet it might be very 
moved by any other ſubſtance. —And; perhaps it 
was this conſideration which made the celebrated 
ARCHIMEDESs ſay, that if he had a proper place 
at ſome diſtance from the earth whereon'to'fix 
his machinery, he could move the whole earth. 
10. As the centrifugal force of the light body 
B will not allow the heavy body A to remain in 
the center of motion, even though it be 24 times 
as heavy as B; let us now take the ball A (Fig. 
6.) which weighs 6 ounces, and connect it by 
the wire C with the ball B, which weighs only 
one ounce ; and let the fork E be fixed into the 
center of the whirling-board : then hang the 
balls upon the fork by the wire C in ſuch a man- 
ner, that they may exactly balance each other; — 
which will be when the center of gravity between fi 
them, in the wire at d, is ſupported by the fork. * 
And this center of gravity is as much nearer to 


= a es” . ̃ ⅛ Ut. wc cw ˙è—.˙ 7§ç ../! 


© 99 2 


the center of the ball A, than to the center of the tt 
ball 8, as A is heavier than B, allowing for the IS 
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This done, let the machine be put into motion 
by the winch; and the balls A and B will go 
round their common center of gravity d, keep- 
ing their balance, becauſe either will not allow 
the other to fly off with it. For, ſuppoſing the 
ball B to be only one ounce in weight, and the 
ball A to be fix ounces; then, if the wire C wete 
equally heavy on each ſide of the fork, the center 
of gre d would be fix times as far from the 
center of the ball B as from the ball A, and con- 
ſequently B will revolve with a velocity ſix times 
as great as A does; which will give B ſix times as 
much centrifugal force as any ſingle ounce of A 
has: but then, as B is only one ounce, and A fix 
ounces, the whole centrifugal force of A will ex- 
actly balance the whole centrifugal force of B: 
and therefore, each body will detain the other ſo 
as to make ir keep in its circle, This ſhews that 
the ſun and planets muſt. all move round the 
common center of gravity of the whole ſyſtem, 
in order to preſerve that juſt balance which takes 
place among them. For, the planets being as 
unactive and dead as the above balls, they could 
no more have put themſelves into motion than 
theſe balls can; nor have kept in their orbits 
without being balanced at firſt with the greateſt 
degree of exactneſs upon their common center of 
gravity, by the Almighty hand that made them 
and put them in motion. 

Perhaps it may be here aſked, that ſince the 
center of gravity between theſe balls muſt be 
ſupported by the fork E in this experiment, 
what prop it is that ſupports the center of gra- 
vity of the ſolar ſyſtem, and conſequently bears 
the weight of all the bodies in it; and by what 
is the prop itſelf ſupported ? The anſwer is eaſy 
and plain; for the center of gravity of our balls 

D4 muſt 
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muſt. be ſupported, becauſe they gravitate to- 
wards the earth, and would therefore fall. to it; 
but as the ſun and planets gravitate only towards 
one another, they have nothing elſe to fall 10; 
and therefore have no occaſion for any thing to 
ſupport their common center of gravity; and if 


they did not move round that center, and conſe- 


quently acquire a tendency to fly off from it by 
their motions, their mutual attractions would 
ſoon bring them together; and ſo the Whole 
would become one maſs in the ſun; , which would 
alſo be the caſe if their velocities round the ſun 
were not quick enough to create a cen 
force equal to the ſun's attraction. 
Bur- after all. this nice adjuſtment, 1 
evident that the Deity cannot withdraw his re- 
gulating hand from his works, and leave them 
to be ſolely governed by the laws which he has 
impreſt upon them at firſt. For if he ſhould 
once leave them ſo, their order would in time 
come to an end; becauſe the planets muſt ne- 
ceſſarily diſturb one another's motions by their 
mutual attractions, when ſeveral of them are in 
the ſame quarter of the heavens; as is often the 
caſe: and then, as they attract the ſun more 
towards that quarter than when they are ina 
manner diſperſed equably around him, if, he was 
not at that time made to deſcribe. a portion of a 
larger circle round the common center of gravity, 
the balance would then be immediately de- 
ſtroyed; and as it could never reſtore itſelf again, 
the-whole ſyſtem would begin to fall together, 
and would in time unite in a mals at the fun. 
Of this diſturbance we have a very remarkable 
inftance in the comet which appeared lately ; and 
which, in going laſt up before — the ſun, went 
ſo near to Jupiter, and was ſq affected by bis 
attraction 
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attraction, as to have the figure of its orbit much 
changed; and not only ſo, but to have its period 
altered, and its courſe to be different in the hea- 
vens from what it was laſt before. 


4r 


11. Take away the fork and balls from the Fig. 7, 


whirling-board,, and place the trough 4 B there: 
on, fixing its center to the center of the wharl- 
ing- board by the pin H. In this trough are two 
balls D and E, of unequal weights, connected 
by a wire F; and made to ſlide eaſily upon the 


wire C ſtretched from end to end of the trough, 


and made faſt by nut-ſcrews on the outſide of the 
ends. Let theſe balls be ſo placed upon the wire 
C, that their common center of gravity g may be 
directly over the center of the whirling - board. 
Then, turn the machine by the winch, ever ſo 
iwiftly, and thetrough and balls will go round their 
center of gravity, ſo as neither of them will fly off; 
becauſe, on account of the equilibrium, each 
ball detains the other with an equal force acting 
againſt it. But if the ball E be drawn à little 
more towards the end of the trough at A, it wall 
remove the center of gravity towards that end 


from the center of motion; and then, upon 


turning the machine, the little ball E will fly off, 
and ſtrike wich a conſiderable force againſt che 
end 4, and draw the great ball I into the middle 
of the trough. Or, if the great hall D be drawn. 
towards the end Bof the trough, ſo that the cen- 
ter of gravity may be a little towards that end 
from the center of motion, and the machine be 


turned by the winch, the great ball D will fly off, 
and ſtrike, violently againſt the end B of the 
- little. ball E into the 


trough, and will bring the, 
middle of it. If the trough be not made very 
ſtrong, the ball D will break through it. 


60 - : * 
12. The 


Fig. 8, 


Fig. g. 


to repreſent the round figure of the earth and 
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12. The reaſon why the tides riſe at the ſame 
abſolute time on oppoſite ſides of the earth, and 
conſequently in oppoſite directions, is made 
abundantly plain by a new experiment on the 
whirling-table. The cauſe of their riſing on the fide 
next the moon every one underſtands to be one 
to the moon's attraction: but why they ſhi 

riſe on the oppoſite fide at the ſame time, here 
there is no moon to attract them, is perhaps not 
ſo generally underſtood. For it would ſeem 
that the moon ſhould rather draw the waters (as 
it were) cloſer to that ſide, than raiſe them upon 
it, directly contrary to her attractive force. Let 
the circle a bc d repreſent the earth, with its fide 
c turned toward the moon, which will then at- 
tract the waters ſo, as to raiſe them from © to pg, 
But the queſtion is, why ſhould they riſe as high 
at that very time on the oppoſite ſide, from 4 wo 
e? In order to explain this, let there be a'plate 
AB fixed upon one end of the flat bar DC; with 
ſuch a circle drawn upon it as 3e d (in Fig. B.) 


fea; and ſuch an ellipſis as ef g b to repreſent the 
fwelling of the tide at e and g, occaſioned by the 
influence of the moon. Over this plate 4B let 
the three ivory balls e, f, g, be hung by the filk 
lines B, i, k, faſtened to the tops of the crooked 
wires H, I, K, in ſuch a manner, that the ball at 
may hang freely over the fide of the circle ., 
which is fartheſt from the moon, M (at the other 
end of the bar;) the ball ar f may hang freely 
over the center, and the ball at g hang over the 
ſide of the circle g, which is neareſt' the moon. 
The ball f may repreſent the center of the earth, 
the ball g ſome water on the fide next the moon, 
and the ball e ſome water on the oppoſite ſide 
On the back of the moon M is fixt the W 3 
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N parallel to the horizon, and there are three 
holes in it above the little weights p, q, r. A 
filk thread o is tied to the line above the 
ball g, and paſſing by one fide of the moon M. 
goes through à hole in the bar N, and has the 
weight p hung to it. Such another thread u is 
tied to the line i, cloſe above the ball 7 and 
paſſing through the center of the moon M and 
middle of the bar N, has the weight 4 hung to 
it, which is lighter than the weight p. A third 
thread yy is tied to the line h, (cloſe above the ball 
e, and paſſing by the other ſide of the moon M. 
through the bar NM, has the weight y hung to it, 
which is lighter than the weight g. 0 

The uſe of theſe three unequal weights is to 
repreſent the moon's unequal attraction at diffe- 
tent diſtances from her. With whatever force 
ſhe attracts the center of the earth, ſhe attracts 
the ſide next her with a greater of force, 
and the ſide fartheſt from her with à leſs. So, 
if the weights are left at liberty, they will draw 
all the three balls towards the moon with diffe- 
rent degrees of force, and cauſe them to make 


the appearance ſthewn in Fig. 10; by which Fig. 10. 


means they are evidently farther from each other 
than they would be if they hung at liberty by the 
lines h, i, &; becauſe the lines would then hang 
perpendicularly, This ſhews, that as the moon 
attracts the ſide of the earth which is neareſt her 
with a greater degree of force than ſhe does the 
center of the earth, ſhe will draw the water on 
that ſide more than ſhe draws the center, and ſo 
cauſe it to riſe on that fide :' and as ſhe draws the 
center more than ſhe draws the oppoſite fide, 
the center will recede farther from the ſurface of 
the water to that oppoſite ſide, and fo leave it as 
high there as ſhe raiſed it on the (ide next to her. 


For, 
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For; as the center will be in the middle between 
the tops of the oppoſite elevations, they muſt'of 
courſe be equally high on both ſides at the fare 
time. 3+; 4611 an 5 0 N 
But upon this ſuppoſition the earth and moon 
would ſoon come together: and to be ſute they 
would, if they had not a motion round their 
common center of gravity, to create a degree oſ 
centrifugal force ſufficient to balance their mu- 
tual attraction. This motion they have; for as 
the moon goes round her orbit every month, at 
the diſtance of 240000 miles from the earth's 
center, and of 234000 miles from the center of 
gravity of the earth and moon, ſo does the earth 
go round the ſame center of gravity every month 
at the diſtance of 6000 miles from it; that is, 
from it to the center of the earth. Now as the 
earth is (in round numbers) 8000 miles in dia- 
meter, it is plain that its ſide next the moon is 
only 2000 miles from the common center of gra- 
vity of the earth and moon; its center 6000 
miles diſtant therefrom; and its farther ſide from 
the moon 10000, Therefore the centrifugal 
forces of theſe parts are as 2000, 6000, and 
10000; that is, the centrifugal force of any ſide 
of the earth, when it is turned from the moon, 
is five times as great as when it is turned towards 
the moon. And as the moon's attraction (ex- 
reſt by the number GO Oo) at the earth's center 
ul the earth from flying out of this monthly 
circle, it muſt be greater than the centrifugal 
force of the waters on the ſide next her; and 
conſequently, her greater degree of attraction on 
that fide is ſufficient to raiſe them; but as her 
attraction on the oppoſite fide is leſs than the 
centrifugal, force of the water there, the excels 
of this torce is ſufficient to raiſe the water Joo 
1 
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high on the oppoſite fide.—To prove this expe- 
1 ler dhe bar DC with its — Fig. 9. 
fixed upon the whirling- board of the machine 
(Fig. 1.) by ee the pin P into the center 

of the board ; which pin is in the center of gra- 
vity of the whole bar with its three balls e, /, f. 

and moon M. Now if the whirling- N 

bar be turned ſlowly round by the winch, until 

the ball f hangs over the center of the circle, as 

in Fig. 11. the ball g will be kept towards the 
moon by the heavieſt weight p, (Fig. g.) and 

the ball e, on account of its greater centri 

force, and the leſſer weight 7, will fly off as 

to the other ſide, as in Fig. 11. And fo, whilſt 

the machine is kept turning, the balls e and g 
will hang over the ends of the ellipſis If k. So 
that the centrifugal force of the ball e will ex- 
ceed the moon's attraction juſt as much as her 
attraction exceeds the centrifugal force of the 
ball g, whilſt her attraction juſt balances the cen- 
trifugal force of the ball 7, and makes it keep 
in its circle. And hence it is evident that the 
tides muſt riſe to equal heights at the ſame time 
on oppoſite ſides of the earth. This experi- 
ment, to the beſt of my knowledge, is entirely 
new. | | 
From the principles thus eſtabliſhed, it is The 
evident that the earth moves round the ſun,” and earth's 


not the ſun round the earth : for the centrifugal Sor 


law will never allow a t body to move round 4, ed. 

a ſmall one in any orbit whatever; eſpecially 

when we find that if a ſmall body moves round 

a great one, the great one muſt alſo move round 

the common center of gravity between them two. 

And it is well known that the quantity of matter 

in the ſun is 227000 times as great as the quan- 

ty of matter in the earth] Now, as the ſun's 
diſtance 
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diſtance from the earth is at leaſt 8,000,000 of 
miles, if we divide that diſtance by 227000, we 
ſhall have only 357 for the number of miles that 
the center of gravity between the ſun and earth 
is diſtant from the ſun's center. And as the 
ſun's ſemidiameter is + of a degree, which, at ſo 
great a diſtance as that of the ſun, muſt be no 
leſs than 381500 miles, if this be divided by 
357, the quotient wall be 1068 3, which ſhews 
that the common center of gravity is within the 
body of the ſun; and is only the 20683. part 
of his ſemidiameter from his center toward his 
ſurface. aan | | 
All globular bodies, whoſe parts can yield, 
and which do not turn on their axes, muſt be 
perfect ſpheres, becauſe all parts of their ſurfaces 
are equally attracted toward their centers. But 
all ſuch globes which do turn on their axes will 
be oblate ſpheroids; that is, their ſurfaces will 
be higher, or farther from the center, in the 
equatoreal than in the polar regions, For, as 
the equatoreal parts move quickeſt, they mult 
have the greateſt centrifugal force; and will 
therefore recede fartheſt from the axis of mo- 


tion. Thus, if two circular hoops, A B and 


CD, made thin and flexible, and croſſing one 
another at right -angles, be turned round their 
axis EF by means of the winch , the wheel u, 
and pinion a, and the axis be looſe in the pole 
or interſed ion e, the middle parts 4, B, C, U 
will ſwell out fo as to ſtrike againſt the ſides of 
the frame at Fand G, if the pole e, in ſinking 
to the pin E, be not ſtopt by it from 8 
farther: fo that the whole will appear of an ov 
figure, the equatoreal diameter being , conlide- 
rably longer than the polar. That our earth 5 
of this figure, is demonſtrable from actual mea 
| J 1 ſurement 
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ſurement of ſome degrees on its ſurface, which 
are found to be r in the frigid zones than 
in the torrid : and the difference is found to be 
ſuch as proves the earth's equatoreal diameter 
to be 35 miles longer than its axis. Since then, 
the earth is higher at the equator than at the 
poles, the ſea, which like all other fluids natu · 
rally runs downward (or towards the 2 
which are neareſt the earth's center) would run 
towards the polar regions, and leave the equato- 
real parts dry, if the centrifugal force of the 
water, which carried it to thoſe , and fo 
raiſed them, did not detain and wp. it from 
running back again towards the po 
earth, 


| 
| 
| 
| 
| 
| 
N 
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LECT. Ill. 
Of the mechanical powers. 


F we conſider bodies in motion, and com- The 
pare them together, we may do this either A 
with reſpect to the quantities of matter they con- nn 
tain, or the velocitics with which they are nics, 
moved. The heavier any body is, the greater 

is the power required either to move it or to ſtop 

ts motion: and again, the ſwifter it moves, the 
greater is its force, So that the whole momen- 

um or quantity of force of a moving body is the 

reſult of its quantity of matter multiplied by the 
velocity with which it is moved. And when the 
products ariſing from the multiplication of the 
particular quantities of matter in any two bodies 

by their reſpective velocities are equal, the mo- 

nenta or entire forces are ſo. too. Thus, ſup- 

poſe a body, which we ſhall call 4, to weigh 40 
pounds, and to move at the rate of two miles 

in 
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Of the mechanical Powers. q 
in a minute; and another body, which we val 
call B, to weigh only four pounds, and to mall 
20 miles in a minute; the entire forces will 
which theſe two bodies would ſtrike agaigt 
obſtacle would be equal to each other, and ti 
fore it would require equal powers to ſtop then 
For 40 multiplied by 2 gives 80, the He 
the body A; and 20 multiplied by 4 gives! 
the force 1 60 5. B. wk g Mb "7 
Upon this e rinciple depends the 
of * gd it Folds Eniverſe true! 
that when two bodies are ſuſpended by 
machine, ſo as to act contrary to each other i 
the machine be put into motion, and then 

endicular aſcent of one body multiplied 
its weight, be equal to the perpepdicular'delcew 
of the other body multiplied into its weig 
theſe bodies, how unequal ſoever in their weigh 
will balance one another in all ſituations: 
as the whole aſcent of one is performed in 
ſame time with the whole ce of the ot 
their reſpective velocities muſt be directij 
ſpaces they move through; and the excel 
weight in one body is compenſated by the ex 
How to Of velocity in the other. Upon this prineipe 
t compute is eafy to compute the power of any mechanill 
— power engine, whether ſimple or compound; for mal 
Chang but only enquiring how much ſwifter the pow 
engine. moves than the weight does (i. e. how much 
ther in the ſame time) and juſt ſo much wa 
power increaſed by the help of the engine, 
In the theory of this ſcience, we pee 
— perfectly even, all bodies perfectly ma 
evers to have no weight, cords to be ext 
pliable, machines to have no friction; anal 
ſhort, all imperfections muſt be ſer alice" | 
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theory be eſtabliſhed; and then, proper 
lowances are to be made. 05 
The ſimple machines, uſually called mechanical The me- 
wers, are fix in number, viz. the lever, the unte 
heel and axle, the pulley, the inclined plane, the 2 
wedge, and the ſcrew, —They ate called mecha- 
ical powers, becauſe they help us to raiſe 
yeights, move heavy bodies, and overcome re- | 
ſiſtances, which we could not effect without | 
them. as err | | 
1. A lever is a bar of iron or wood, one part The lever. 
ff which being ſupported by a prop, all the 
other parts turn upon that prop as their center 
of motion: and the velocity of every part or 
point is directly as, its diſtance from the prop. 
Therefore, when the weight to be raiſed at one 
end is to the power applied at the other to raiſe 
It, as the diſtance of the power from the prop is 
to the diſtance. of the weight from the prop, 
the power and weight will exactly balance or 
counterpoiſe each other: and as a common lever 
has but very little friction on its prop, a ve 
little additional power will be ſufficient 10 Mil 
the weight. PS | * 
There are four kinds of levers. 1. The 
common ſort, where the prop is placed between 
the weight and the power; but much nearer to 
the weight than the power. 2. When the prop 
is at one end of the lever, the power at the 
other, and the weight between them. 3. When 
the prop 1s at one end, the weight at the other, 
and the power applied between them. 4. The 
dended lever, wich differs only in form from 
ne firſt ſort, but not in property. Thoſe of the 
firſt and ſecond kind are often uſed in mechani- 
al engines; but there are few inſtances in which 
ite third ſort is uſed. 1 | | 
+. a A 
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A common balauce is a lever of the firſt kit; 
but as both its ends are at equal diſtances from 
its center of motion, they move with "equal 
velocities; and thetefote, 4s it gives no rhe 

nical advantage, it cannot properly be reckoned 
among the mechanical powers. | 

A lever of the firſt kind is repreſented by the 

bar ABC, ſupported by the prop D. Its ptib- 
eipal uſe is ro looſen large ſtones in the ground, 
or raiſe great weights to ſmall heights, in order 
to have ropes put under = for raiſing them 
higher by other machines. The parts A and 
BC, on different fides of the prop D, are called 
the arms of the lever: the end A of the ſhorter 
arm 4 B being applied to the weight intended 
to be raiſed, or to the reſiſtance to be overcome; 
and the power applied to the'end C of the longer 
arm BC, | 

In making experiments with this machine, the 
ſhorter arm AB muſt be as much thicker than 
the longer arm BC, as will be ſufficient to ba- 
lance it on the prop. This ſuppoſed, let Pre- 
preſent a power, whoſe intenſity is equal to 1 
ounce, and F a weight, whole intenſity is eq 
to 12 ounces. Then, if the power be 12 times 
as far from the prop as the weight is, they will 
exactly counterpoiſe; and a ſmall addition to 
the power P will cauſe it to deſcend, and raiſe 
the weight F; and the velocity with which the 
power deſcends will. be to the velocity with 
which the weight riſes, as 12 to 1: that is, 
directly as their diſtances from the prop; and 
conſequently, as the ſpaces through which they 
move. Hence, it is plain that a man who by 
his natural ſtrength, without the help of any 
machine, could ſupport an hundred weight, will 
by the help of this lever be enabled to ſupport 


twelve 
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twelve hundred. If the weight be 12 or the 
power greater, the prop, may be placed ſo much 
farther from the weight; and then it can be 
raiſed to a proportignably greater height. For 
univerſally, if the intenſity of the weight mul - 
tiplied into its diſtance from the prop equal 
to the intenſity of the power multiplied into its 
diſtance from the prop, the power, and weight 
will exactly balance each other; and a little ad- 
dition to the power will raiſe the weight. Thus, 
in the preſent inſtance, the weight is 12 
- ounces, and its diſtance from the prop is 2 inch; 
and 12 multiplied by 1 is 12; the power P is 
equal to 1 ounce, and its diſtance from the prop 
is 12 inches, which multiplied by 1 is 12 again; 
and therefore there is an equilibrium between 
So, if a power equal to 2 ounces be ap- 
plied at the diſtance of 6 inches from the prop, 
it will juſt. balance the weight ; for 6 multi- 
plied by 2 is 12, as before. And a power equal 
to 2 ounces placed at 4 inches diſtance from the 
prop would be the ſame; for 3 times 4 is 123 
and ſo on, in proportion. 2 | Tp 
The ftatera or Roman feeljard. is à lever of The freb 
this kind, contrived for finding the weights of 997% 
different bodies by one fingle weight placed at 
different diſtances, from the prop or center of 
motion D. For, if a ſcale hangs at 4. the ex- 
tremity of the ſhorter arm AB, and is of ſuch a 
weight as will exactly counterpoiſe the longer 
arm BC; if this arm be divided into as man 
equal parts as it will contain, each equal to 4 , 
the ſingle weight P (which, we may ſuppoſe to 
be 1 pound) will ſerve for weighing any thing 
as heavy as itſclf, or as many times heavier as 
there are diviſions in the arm B C, or any quan- 
ty between its own Weight and that . 
E 2 
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-end B, 6 inches from the prop, by the cord 
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As for example, if P be 1 pound, and placed 
at the firſt divifion 1 in the arm BC, it will 
balance 1 pound in the ſcale at A: if it be- 
moved to the ſecond diviſion at 2, it will ba- 
lance 2 pounds in the ſcale: if to the third, 
unds; and ſo on to the end of the arm BC. 
f each of theſe integral diviſions be ' ſubdivided 
into as many equal parts as a pound contains 
ounces, and the weight P be placed at any of 
theſe ſubdiviſions, fo as to counterpoiſe what is 
in the ſcale, the pounds and odd ounces therein 

are by that means aſcertained. * Sy 
To this kind of lever may be reduced ſeveral 
ſorts of inſtruments, ſuch as ſciſſars, pinchers, 
ſuffers; which are made of two levers acting 
contrary to one another: their prop or center of 
33 being the pin which keeps them toge- 
. | "15 6-9 
In common practice, the longer arm of this 
lever greatly exceeds the weight of the ſhorter; 
which gains great advantage, becauſe it adds ſo 

much to the power. 0 . 
A lever of the ſecond kind has the weight 
between the prop and the power. In this, as 
well as the former, the advantage gained is as 
the diſtance of the power from the prop to the 
diſtance of the weight from the prop: for the 
reſpective velocities of the power and weight are 


in that proportion; and they will balance each 


other when the intenſity of the power multi- 
plied by its diſtance from the prop is equal to 
the intenſity of the weight multiplied by its diſ- 
tance from the prop. Thus, if AB be a lever 
on which the weight of 6 ounces hangs at the 


diftance of 1 inch from the prop G, and a power 


P equal to the weight of 1 ounce hangs at the 
CD 


Gow. 
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0 going over the fixed pulley E, the power 
will juſt: ſupport the weight : and à ſmall ad- 
dition to the power will raiſe the weight, 1 inch 
for every 6 inches that the power deſcends. 
This lever ſhews the reaſon why two men 
carrying a burden upon a ſtick between them, 
bear unequal ſhares of the burden in the in- 
verſe proportion of their diſtances from it. © For 
it is well known, that the nearer any of them is 
to the burden, the greater ſhare he bears of it: 
and if he goes directly under it, he bears 
the whole. So, if one man be at G, and the 
other at P, having the pole or ſtick 4B reſting 


on their ſhoulders; if the burden or weight 
be placed five times as near the man at G, as it 


is to the man at P, the former will bear five 
times as much weight as the latter. This is 
likewiſe applicable to the caſe of two horſes of 
unequal ſtrength, to be ſo yoked, as that each 
horſe may draw' a part proportionable to his 
ſtrength z which is done by dividing the beam fo, 
that the point of traction may be as much nearer 
to the ſtronger horſe than to the weaker, as the 


ter. | 
To this kind of lever may be reduced oars, 
rudders of ſhips; doors turning u hinges, 
cutting-knives which are fixed at point of 
the blade, and the like. 11 


If in this lever we ſuppoſe the power and 5. third 
weight to change places, ſo that the power may kind of | 
be between the weight and the prop, it will be- lever. 


come a lever of the third kind: in which; that 
there may be a balance between the power and 
the weight, the intenſity of the power muſt ex- 
ceed the intenſity of the weight, juſt as much 
35 the diſtance of the weight from the prop ex- 
*» E 4 ceeds 


ſtrength of the former exceeds that of the lat · 


— 
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the firſt, but in being bended for the 
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ceeds the diſtance of the power from it. Thug, 


let E be the prop of the lever AB, and Wa 


weight of 1 pound, placed 3 times as far from 
the prop, as the power P acts at E, by the 
cord C going over the fixed pulley D; in this 
caſe, the power muſt — to three pounds, 
in order to ſupport the weight. 
To -this ſort of lever are generally referred 
the bones of a man's arm: for when we lift'a 


weight by the hand, the muſcle that exerts its 


force to raiſe that wei ight, is fixed to the bone 
about one tenth part as far below the elbow as 
the hand is. And the elbow: being the center 
round which the lower part of the. arm turns, 
the muſcle muſt therefore exert a force ten times 
as great as the weight that is raiſed. [3 

As this kind of lever is a diſadvantage to the 
moving power, it is never uſed but in caſes of 
neceſſity ; ſuch as that of a ladder, which being 
fixed at one end, is by the ſtrength of a man's 
arms reared'againſt a wall And inclock-work, 
where all the wheels may be reckoned levers of 
this kind, becauſe the pawer that moves every 
wheel, except the firit, acts it near the 
center of motion by means of a ſmall pinion; 
and the reſiſtance it has to . acts againſt 
the teeth round its circumference. 

The fourth kind of lever differs nothi 


from 
ke of 


convenience. ABC is = lever of this ſort, bended 
at C, which is its prop, or center of motion. 


P is a power acting upon the longer arm AC at 


F, by means of the cord DE going over the 
pully G; and W/ is a weight or reſiſtance acting 


upon the end B of the ſhorter arm BC. If the 


power be to the weight, as BC is to CF, they 
are in equilibria. N ſuppaſe #/ to be 5 
| pounds 


Fre 
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pounds acting at the diſtance of one foot from 


the center of mation C, and P to be 1 pound 


acting at F, five feet from the center C the 


power and weight will juft balance each other. 


A hammer drawing a nail is a lever of this 


2 
2. The ſecond mechanical power is the whee! 


The 


and axle, in which the power is applicd to the % and 


circumference of the wheel, and the weight is 
raiſed by a rope which coils ahout the axle as the 
wheel is turned round. Here it is plain that 


axle, 


the velocity of the 1 — muſt be to the velocity 
e 


of the weight, as the circumference of the wheel 
is to the circumference of the axle : and conſe- 
quently, the power and weight will balance each 
other, when the intenfity of rhe power is to the 
intenſity of the weight, as the circumference of 
the axle is to the circumference of the wheel. 


Let AB be a wheel, CD its axle, and ſuppoſe Fig. 5- 


the circumference of the wheel ro be 8 times as 
great as the circumference — the dy then, a 
power P equal to 1 pound | the cord 
J which Kore Arn uber, will balance a 
weight of 8 pounds hanging by the rope X,. 
which goes round the axle. And as the fric- 
tion on the pivots or gud of the axle is 


but ſmall, a ſmall addition to the power will · 


cauſe it to defcend, and raiſe the weight : but 
the weight will riſe with only an eighth part of 
the velocity wherewith the power deſcends, and 
conſequently, through no more than an eighth 
part of an equal ſpace, in the ſame time. If the 
wheel be pulled round by the handles 5, S, the 
power will be increaſed in proportion to their 
length. And by this means, any weight may 
be raiſed as high as = operator pleaſes, 
141 


Th 
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To this ſort of engine belong all cranes for 
railing great weights; and in this caſe, the 
wheel. may have cogs all round it inſtead of han- 
dles, and a ſmall lantern or trundle may be made 
to work in the cogs, and be turned by a winch; 
which will make the power of the engine to ex- 
ceed the power of the man who works it, as 
much as the number of revolutions of the winch 
exceed thoſe of the axle D, when multiplied 
by the exceſs of the length of the winch above 
the length of the ſemidiameter of the axle, 
added to the ſemidiameter or half thickneſs of 
the rope K, by which the weight is drawn up.— 
Thus, ſuppoſe the diameter of the rope and 
axle taken together, to be 12 inches, and conſe- 
quently, half their diameters to be 6 inches; ſo 
that the weight V will hang at 6 inches per- 
pendicular diſtance from below the centet of 
the axle. Now, let us ſuppoſe the wheel AB 
which is fixt on the axle, to have 80 cogs, a 
to be turned by means of a winch fix inches 


long, fixt on the axis of a trundle of 8 ſtayes or 


rounds, working in the cogs of the wheel. 
Here it is plain, that the winch and trundle 
would make 10 revolutions for one of the wheel 
AB, and its axis D, on which the rope K winds 
in railing the weight /; and the winch bei 


no longer than the ſum of the ſemidiameters 
the great axle and rope, the trundle could have 


no more power on the wheel, than a man could 
have by pulling it round by the edge, becauſe 
the winch would have no greater velocity than 


the edge of the wheel has, which we here ſup- 


poſe to be ten times as great as the velocity of 
the riſing weight: ſo that, in this caſe, the 


power gained would be as 10 to 1. But if the 


ength of the winch be 12 inches, the peed 
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guned will be as 20 to f: if 18 inches (which 
1s long enough for any man to work by) the 
power gained would be as 30 to 1; that is, a 
man could raife 30 times as much by ſuch an 
engine, as he could do by his natural ſtrength 
without it, becauſe the velocity of the handle of 
the winch would be 30 times as great as the ve- 
locity of the riſing weight ; the abſolute force 
of any engine being in proportion of the velocity 
of the power to the velocity of the weight raiſed 


by it. But then, juſt as much power or advan- 


tage as is gained by the engine, ſo much time'is 
loſt in working it. In this ſort of machines it is 
requiſite to have a racket- wheel G on one end 
of the axle, with a catch H to fall into its teeth; 
which will at any time ſup ort the weight, and 
keep it from deſcending, lebe workman ſhould, 
through inadvertency or careleſneſs, quit his hold 
whilſt the weight is raiſing. And by this means, 
the danger is prevented which might otherwiſe 
happen by the running down of the weight 
when left at liberty. | | | 


3. The third mechanical power or engine con- The pul- 
ſiſts either of one moveable pulley, or a ſyſtem of 19. 


pulleys ; ſome in a block or caſe which is fixed, 
and others in à block which is moveable, and 
riſes with the weight. For though 4 ſingle 
pulley that only turns on its axis, and riſes not 
without the weight, may ſerve to change the di- 
rection of the power, yet it can give no mecha- 
nical advantage thereto; but is only as the beam 
of a balance, whoſe arms ate of equal length and 


weight, Thus, if the equal weights and P pig 6, 


hang by the cord B B upon the pulley A, whoſe 
block þ is fixed to the beam H 7, they will coun- 
terpoiſe each other, juſt in the ſame manner as 
it the cord were cut in the middle, and its 2 

$ 


57 


of the mechanical Powers, 


ends hung the bqoks fixt in the pulley] 
A and A, eq Ws pep diſtant from its center I 
Bar if « wei t hang at the _ 1 
the moyeable black 9 of the pulley D, 99k 
cord G F goes mg the pally, it is 
the half G of the 2 os blo 
weight I, and the half F the _— 
bear the whole between them. Tang 
whatever holds the upper end of e 
' ſuſtains one half of the weight ; and = 
e wp I as to raiſe the pulley Y 
the cord will then be extended to its wh 
vate all but that part which goes under 
12 95 . 4 conſequently, the power that q 
il have moved twice ag i ay 
9 5 > pin its weight W riſes; 99 $1 
account, a power whoſe intenſity is 92 1 
half of the weight will be able to 
becauſe if the power moves (by 5530 0 
addition) its — th will be double h Ve 
of the weight; as may be ſeen by putung 
cord over the fixt =. 76 C (which. 45 chant 
direction of the power, without SPS, 1 
vantage to it) and = ging on the wo 
which is equal only to one © half of the weig A 
which caſe there will be an equilibrium, ail 
21 addition to P will cauſe it to delgend, Ml 
raiſe ¶ through a ſpace equal to one hall ot 
through which det d deſcends. —Heace, the 7 
9 — always equal to £Wice | 
— yy pulleys in the moveable or undermas 
block, So OR when the upper, or But. 
« contains two pulleys, which only gun on thelf 
axes, and * 255 455 moveable black a 
rains two pulleys, which not only turm Upon! 
_ but alſo ri the bl ock and weight; 
re range gal by , 64, 
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wking power. Thus, if one end of the rope 
109, be fixed. to a hook La 
ifſes over the pulleys NM and R. and under U 
leys L and P, and has a weight 7. 

nd, hung to its other end at 7; this 
ill balance and ſupport a weight #/ 
dunds hanging 3 at the moveable 
Lock U, allowing the ſaid block as a part of the 
ght. And if as much more power be | 

is ſufficient to overcome the friction. of the 
ys, the power will deſcend with four times 
much velocity as the weight, riſes; and conſe» 
uently through four times as much ſpace. 
The two p in the fixed block A, and the 
> in the moveable block Z, are in the ſamt 
ſe with thoſe laſt mentioned; and thoſe in fh 
wer block give the ſame advantage to the 
wer, | ir eilig hos 475 4 
As a ſyſtem of pulleys has no great weight, 
d lies in a ſmall compaſs, it is caſily carried 
bout ; and can be applied, in a many 
ales, for railing w . where other engines 
annot. ee oe a great deal of friction 
three accounts: 1, becauſe the diameters o 
air axes bear a very conſiderable proportion to 
eir own diameters; 2. becauſe in worki 
V are apt to rub againſt one another, or agai ' 
e lides of the block 3. becauſe of the ſtilmeſe 
the rope that goes over and under tm. 

4. The fourth mechanical power is the in The 5. 
ved plane z and the advantage gained by it is clined 
great as its length exceeds its perpendicular plane. 
ight. Let AB be a plane parallel to the hori : plate VI. 
a, and C D a plane inclined to ir; and ſuppoſe Fig. 1. 
whole length C D to de three times as great 
the perpendicular height G: in this caſe, 
cylinder E will be ſupported upon the TA 
oo” : 


* 


Fig. 4+ 


engine has moved its whole length upon tbe 


is length AB, the cylinder will roll down up 


for it would require a power (acting on the d 
rection of A B) equal to half its ms , Pop to keef 


Of the mechanical Powers. 
CD, and kept from rolling down upon it 
a power equal to a third — of the ace 
cylinder. Therefore, a weight may be rolled 
up this inclined plane with a third part of the 
power which would be ſufficient to draw it up by 
the ſide of an upright wall. If the plane un 
four times as long as high, a fourth part of the 
power would be ſufficient; and ſo on, in p- 
portion. Or, if a pillar was to be raiſed from 
floor to the height G F, by means of the eng 
AB DC, (which would then act as a half wedge, 
where the reſiſtance gives way only on one fide) 
the engine and pillar would be in equilibrio when 
the power applied at G F was to the weight df 
the pillar, as G F to GD, and if the be 
increaſed, ſo as to overcome the friction of the 
engine againſt the floor and pillar, the engine vil 
be driven, and the pillar raiſed: and when de 


floor, the pillar will be raiſed to the whole height 
of the engine, from G to F. 

Ihe force wherewith a rolling body deſcend 
upon an inclined plane, is to the force of its ab- 
ſolute gravity, by which it would deſcend"per 
pendicularly in a free ſpace, as the height u 
the plane is to its length. For, ſuppoſe the | 

AB to be parallel to the horizon, the cylinder 0 
will keep at reſt upon any part of the plane 
where it is laid. If the plane be fo elevate 
that its perpendicular height D is equal to hal 


the plane with a force equal to half its weight 


it from rolling. If the plane AB be elevated 
ſo as to be perpendicular to the horizon, the c) 
linder C will deſcend with its whole for 
Ix. | gravit 


eravity, becauſe the plane contributes nothing 
to its ſupport or hindrance; and therefore, it 


would require a power equal to ĩta whole weight 

to keep it from deſcending. . © | 5577 345 400 
Let the cylinder C be made to turn upon 

lender pivots in the frame D, in which there is 3 

z hook e, with a line G tied to it: let this line go 

over the fixed pulley H, and have its other end 

tied to the hook in the weight I. If the weight 

of the body 7, be to the weight of the cylinder 

C added to that of its frame D, as the perpen- 

dicular height of the plane LM is to its length 

4 B, the weight will juſt ſupport the cylinder 

upon the plane, and a ſmall touch of a finger 

will either cauſe it to aſcend or deſcend with 

equal eaſe : then, if a little addition be made to 

the weight 7, it will deſcend, and draw the cylin- : 

der up the plane. In the time that the cylinder 2k 

moves from A to B, it will riſe through the 

vhole height of the plane L; and the weight _ 
equal 


vill deſcend from to K, through a ſpace 

w the whole length of the plane 4. 
f the plane be made to move upon rollers: or 

friction wheels, and the cylinder be fi 

upon it; the ſame power will draw the plane 

under the cylinder, which before drew the cylin- 

der up the plane, provided the pivots of the 

axes of the friction wheels be ſmall, and the 

wheels themſelves be pretty For, let ce 

machine ABC (equal in length and height to Fig % 

4B, Fig. 5.) be provided with four wheels, 

Wicreof two appear at D and E, and the third 

under C, whilft the fourth is hid from ſight by 

the horizontal board'a. Let the cylinder F be 

aid upon the lower end of the inclined plane 

CB, and the line & be extended from the — 

7 the cylinder, about ſix feet parallel to the 

Plane 


Gf the mechanical Poeers, 
plane C By and, in that direction, fitedit 4 
hook in the wall; which will ſupport the eylin- 
der, and keep it from rolling off che plane. Le 
one end of the line ¶ be tied to à hook gt C in 


the machine, and the other end to a weight J. 


the ſame as drew the cylinder up the 'plane be- 


fore. If this line be put over the fixed L 
the weight-K will os tow machine 4 
horizontal plane L, and under the cylinder F. 
and when the machine has been drawn the whole 
length CB, the cylinder will be raiſed'to 4 
equa] to the perpendicular height AB above the 
horizontal part at A. „ "RB 
To the inclined plane may be reduced al 
hatchers, chiſels, and other edge · tools hich an 
chamtered only on one ſide, 4% 17386 


S. The fifth mechanical power or engine i 


the wedge, which may be conſidered. ag tu 
equally inclined planes DEF and CA E, joined 
together at their baſes e E Fe then, DC i the 
whole thick neſs of the wedge at its back AC 
where the power is applied: E is the depth of 
heighth of the wedge : D #the length of one of 
its tees, equal 10 CF the length of the other 
fide; and C is its ſharp edge, which is entered 
into the wood intended to be ſplit by the force 
of a hammer or mallet ſtriking perpendicular 
on its back. Thus, 4 B+ is a wedge driven 
into the clefr C DE of the wood G. * 

When the wood does not cleave at any d- 
ſtance before the wedge, there will be an equ- 
librium between the power impelling the wedge 
downward, and the reſiſtance of the wood 26 


ing againſt the two ſides of the wedge 3 if the 


power be to the reſiſtance, as half the thickne 
of the wedge at its back is to che length of cicht 
of its ſides; that is, as A@ 20.4b, or Beto Þ 

1 (Fig: 9 


Df the mechanizal Powers. * 
Fig. 9.) And if the power be increaſed, ſo | 

by to Sins che friction of the wedge and t 
Le BY tefittance ariſing from the cohefion or 1 
"in WY of the wood, the wedge will de drove in, and t 
FX, WY wood ſplit aſunder. © I 
be- But, when the wood cleaves at any diftance 
yl WY before the wedge (as it generally does) the power 
the WI inp<lling the wedge will not be to the refiſtance 
Fc the wood, as half the thickneſs, of the 
wedge is to the length of ohe of its ſides; but as 
half its thickneſs is to the length of either ſide of 
the cleft, eſtimated from the top or acting part 
of the wedge. For, if we ſuppoſe the w ne to 
be lengthened down from 5 to the bottom of the 
cleft at E, the fame proportion will hold; name- 
ly, that the power will be to the reſiſtance, as 
half the thickneſs of the wedge is to the length 
of either of its ſides : or, which amounts to the 
ſame thing, as the whole thickneſs of the wed 
s to the length of both its ſides. n 

In order to prove what is here advanced cbn- 
cerning the wedge, let us ſuppoſe the wedge to 
be divided lengthwiſe into two equal parts; and 
then it will become two equally inclined planes ; 
one of which, as 45 c, may be made uſe of as a Fig; 7» 
half wedge for ſeparating the moulding e d from 
the wainſcot A J. Ir is evident, that when this 
half wedge has been driven its whole length ac 
between the wainſcot and moulding, its fide 4c 
vil be at ed; and the moulding will be ſepa- 
ated to fg from the waĩinſcot. Now, from what 
bas been already proved of the inclined plane, it 
pears, that to have an equilibrium between the 
power impelling the half wedge, and the reſiſt- 
ace of the moulding, the former muſt be to the 
liter, as 45 to ac; that is, as the thickneſs of the 
tick which receives the ftroke'is to the OT 
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the ſide againſt which the moulding i 


* 


Fig. 10, 


Therefore, lince the power upon the 


is to the reſiſtance po its ſide, as the buf 


back 45 is to the who e ſide ac, it is plain, tha 
the power upon which the whole wedge (where 


the whole back is double the half back mult be 


to the reſiſtance againſt both its ſides, as the 
thickneſs of the whole back is to the length d 
both the ſides ; ſuppoſing the wedge at the bot. 
om of the cleft :_ or as the thicknels of the whole 


back to the length of both (des of the Cleft, 


when the wood ſplits at any diſtance before the 
wedge. For, when the wedge is driven quit 
into the wood, and the wood ſplits at ever þ 
ſmall a diſtance before its edge, che top of the 
wedge then becomes the acting part, becauſe ihe 
wood does not touch it any where elſe. And 
ſince the bottom of the cleft muſt be conlidered 
as that part where the whole ſtickage or reſiſtance 
is accumulated, it is plain, from the nature of 
the lever, that the farther the power acts fron 
the reſiſtance, the greater is the advantage. 

Some writers have advanced, that the powe 
of the wedge is to the reſiſtance to be overcome, 
as the thickneſs of the back of the wedge 1s to 
the length only of one of its ſides j which ſeems 
very ſtrange: for, if we ſuppoſe AB to bes 
ſtrong inflexible bar of wood or iron fixt into the 
ground at CB, and D and E to be two blocks of 


marble lying on the ground on oppoſite ſides d 


the bar; it is evident that the block D may be 
ſeparated from the bar to the diſtance d, equal to 
a b, by driving the inclined plane or halt wedge 
a bo down between them; and the block E mi 
be ſeparated to an equal diſtance on the other 
ſide, in like manner, by the half wedge £40. 
But the power impelling each half wedge po 
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to the reſiſtance of the block againſt its (ide, 26 

the thickneſs of that half wedge is to the lengrh = 

of its acting fide. 'Therefore' the power to drive 

both the half wedges is to both the reſiſtances, as 

both the half backs is to the length of both the 

acting ſides, or as half the thickneſs of the whole 

back is to the length of either ſide. And if the 

bar be taken away, the blocks put cloſe together, 

and the two half wedges Joined to make one; it 

will require as much force to drive it down be- 

tween the blocks, as is equal to the ſum of the 

ſeparate powers acting upon the half wedges 

when the bar was between them. R 

To confirm this by an experiment, let two ,, „ 

cylinders, as A B and CD, be drawn towards one * 

another by lines running over fixed 8 and 

1 weight of 40 ounces hanging at the lines be- 

longing to each cylinder: and let a wedge of 

40 ounces weight, having its back juſt as thick as 

either of its ſides is long, be put between the 

cylinders, which will then a& againſt each fide 

vith a reſiſtance equal to 40 ounces, whilſt its 

own weight endeayours to bring it down and 

ſeparate them. And here, the power of the 

wedge's ity impelling it downward, will be 

to the reſiſtancę of both the cylinders againſt the 

vedge, as the thickneſs of the is to the 

length of both its ſides ; for there will then be 

in equilibrium between the weight of the wedge 

and the reſiſtance of the cylinders againſt it, and 

twill remain at any height between them; re- 

quiring juſt as much power to puſh it upward | 

8 to pull it downward. If another of 

equal weight and depth with this, and only half 

8 thick, be put betwWeen the cylinders, it will 

require twice as much weight to be hung at the 

ends of the lines which draw them together, to 
F | keep 


Fig. 11. 


pieces of wood, each about fifteen 


impelling power; which is all che ſame in expe 
Fiment, er it be laid upon the back of tt 
. Wedge, to,puſh it down, or hung to its edge i 


ey linders, each about twg inches thighs) Wige 
1 


241. G 


| LIENS 
will require 80 ounces to t ,.to 
| wg... 4 

$0 is 160, equal to four times 40, So that dhe 
power will be always to the reſiſtance, 
thickneſs of the back of the wedge is 10 
1 (not of its one ſide, but) of both in 

a 2 e 
The beſt way, though perhaps not the neateſ, 
that I know of, for many wedge with | 
appurtenances for ſuch en is as 
lows. Let IX LM and LMNO. be 


and three or four in breadth, joined t 
a hinge at LM; and let P be a gradu 
of braſs, on which the ſaid pieces of wood: may 
be opened to any angle not more than bo,degrees, 
and then fixt at the given angle by means df 
the two ſcrews a and 4. I en, /K.NO wil 
reprefent the back of the wedge LA 
edge which enters the wood, and the:ourſides of 
the pieces IX LM and L MNO the two. fides of 
the wedge againſt which the wood afts in cheat. 
ing. By means of the ſaid arch, the ; may 
be opened ſo, as to adjuſt the thickneſs. gf i 
back in any proportion to the length of cither of 
its ſides, but not to exceed that l 
N as ꝙ may be hung to the wedge upon the 
hook M, which weight, together with the weig 
of the wedge. itſelf, may be conſidered, 8s int 


pull it down. Let AB and CD be tuo woods 


/ 


touch the outſides of the wedge; and let 
their ends be made like two round flat plates, to 
keep the wedge from flipping off endwiſe between 
them. Let aſmall cord with a loop on one end 
of it, go over a pivot in the end of each cylinder, 
and the cords 8 and 7 belonging to the cylinder 
A Bgo over the furt pulleys Mand A, and be faſt- 
ened at their other ends to the bar 1x, on which 
any weight as Z may oz re. Inlike 

manner, let the — — and an to the 
cylinder 5 go over th fx and / to 


the bar uv. . 
'T . by drawing th eylin- 


be hung. 
ders to . ——— 
2 — — 
oppolite fides of the wedge ; the cy 
elves being ſuſpended near, and — to each 
other, by their pivots in | loops on che lines 
E., G, 8. which lines may be fixed to hooks in 
the ceiling of the room, The theſe lines 
arch bee, and they ſhould never be ls tha 
four feet each. The farther alſ# the pulleys 
„and WAN are from the cylinders; — 
vill the experiments be: and 1 
ins fixed into the wall. 
In is machine, the weights T and Z, and the 
1 — rms 06.09 9975 hrs 
in proportion the len t 
wedge's fides to the ches ef in Lab and 
when they are ſo adj uſted, the wedge will be in 
equilibyio with the reſiſtance af the cybnders. 
The wedgeis a very great mechanicat power, 
de not only weod bur even rocks can be ſplic 
by it; which would be i ſible co eſſect by the 
lever, wheel and axle, or pulley: for the force 
« the blow, or ſtroke, ſhakes the cohering parts, 
ud thereby makes chem Epe the PR 
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Fig. 12, 
Os 


Fig. 14, 


of a very great force either in preſſing ebook 


greater is the force of the ferew:: 1} [+447 2 


6. The ſixth arid laſt mechanical power wa 
ſcrew; which cannot properly be called a fins 
machine, becauſe it is never uſed with 
application of a lever or winch to aſſiſt in 
ing it: and then it becomes a compound 


of bodies cloſe. together, or in raiſing 
weights. It may be conceived to be 
cutting a piece of paper »-ABC. (Fig. za 
the form of an inclined plane or half wed 
then coiling it round a cylinder A 
And here it is evident, that the Wage 
muſt turn the cylinder once round be] 
weight of reſiſtance D can be moved from 
ſpiral winding to another, as from d to H 
fore, as much as the circumference, F 
deſcribed by the handle of the winch id 

than the interval or diſtance between the i 
much is the force of the ſcrew. Thus, u 
the diſtance between the ſpirals to be half a 
and the length of the winch to be twelve i 
the circle deſcribed by the handle of th 
where the power acts will be 26 inches n 
about 1 52 half inches, and conſequently g 
as great as the diſtance between the ſpirals mans 
therefore a power at the handle, whoſe1 
is equal to no more than a ſingle pound, was 
lance 1 52 pounds acting againſt the ſer 
as much additional force, as is ſufficient fon 
come the friction, will raiſe the 4.52: p 
the velocity of the power will be to the vel 
of the weight, as 903 Hence it aH 
that the longer the winch be made, and eu 
the ſpirals ate to one another, ſo mei 


A macbine fo ſhewing the. force or:powenl 
the ſcrew may be contrived : in the fo 


manner. Let the wheel C have a ſcrew «a8 
oy 
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s axis, working in the teeth of the wheel H, 
rhich ſuppoſe to be 48 in number. It is plain, 
at for every time the wheel C and ſcrew ab are 
urned round by the winch 4, the wheel D will 
be moved one tooth by the ſcrew; and there- 
ore, in 48 revolutions of the winch, the wheel 
) will de turned once round. Then, if the cir- 
mference of a circle deſeribed by the handle of 
the winch be equal to the circumference of a 
e found the wheel D, the velocity of the 
handle will be 48 times as great as the velocity 
of any given point in the groove. Conſequently, 
if a line G (above number 48) goes round the 
groove e, and has a weight of 48 pounds hung 
to it below the pedeſtal E F, à power equal to 
one pound at the handle wilh balance and ſupport 
the weight. To prove this by experiment, let 
the circumferences of the grooves of the wheels 
C and -D be equal to one another; arid then if 
a weight H of one pound be ſuſpended by'a line 
going round the groove of the Wheel C,, it will 
balance a weight of 48 ppunds hanging by the 
line G; and à ſmall addition to the weight H 
will cauſe it to deſeend, and fo raiſe up the other ' 
whe 10 ei Mae Av 180 07 TIO © | 
1 the line G, inſtead of going round the 
groove e of the Wheel D, goes round its axle 7; 
the power of the machine will be as much in- 
creaſed, as the circumference' of the groove e 
exceeds the eircumference af the axle: which, 
ſuppoſing it to be ſix times, then one pound at 
H will balance 6 times 48. or 288 pounds hung 
to the line on the axle: and hence the power or 
advantage of this machine will be as 288 to 1. 
That is to ſay, a man, Who by his natural 
ſtrength could lift an hundred weight, will be 
WR 1.99291 ; men © T2058 fable 
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Of the mechanical Powers. 
able to raiſe 288 hundred, or 14 U ton Weight: 
by this engine. ur d „ ww 245m; ed 

But the following engine is ſtill more power 
ful, on account of its having the addition of 
four pulleys : and in it ve may look upon all 


the mechanical powers as combined together, 


even if we take in the balance, For as the axis: 


Plate VII. D of the bar AZ is in h middle at C, it is pn 


Fig. 1. 


A combi- 
nation of 


all the 


mecha- 
nical 
pou ers. 


that if equal weights are ſuſpended upon a tu 
pins equi · diſtant from the axis C, they will coua- 
terpoiſe each other. It becomes u lever by 
hanging a ſmall weight P upon the pin , and 
weight as much heavier upon either of the pins 
b, c, d, e, or f, as is in proportion to the pins 
ing ſo much nearer the axis. The wheel 

axle FG is evident; ſo is the {arew- A which: 


takes in the inclined plane, and with it the half: 


wedge, Part of a cord goes round the une, 
the reſt under the lower pulleys X, , e. 
the upper pulleys. L, n, and then it ig tied. 


to a hook at m in the lower or moveable lock, 


on which hangs the weight . 
In this machine, if the wheel F has 30 | 
it will be turned once round. in thirty; e. 
lutions of the bar AB, which is fixt on the 
axis D of the ſcrew E;: if the of che bar 
is equal to twice the diameter of the wheel, the 
pins à and z at the ends of the bar will move 60 
times. as faſt as the teeth of the wheel dg; and 
conſequently, one ounce at P will balance 60 
ounces hung upon a tooth at q in the hor 
diameter of the wheel. Then, if the diametet af 
the wheel F is 10 times as great as the di 
of the axle G, the wheel will have 10 times dhe 
velocity of the axle; and therefore one ounce F 
at the end of the lever AC will balance a9 times 


3:*:4 xl 


60 or 600 ounces hung to the rope H which go 
| ro 


und 
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wund the axle. Laſtly, if four de added, 
they will make the velocity of the block 
K, and weight , four times leſs than the velo- 
city of the axle: and this being the laſt power 
in the machine, which is four times as great as 
that gained by the axle, it makes the Whole 
er of the machine 4 times 600, or 2400. 
that a man who could lift one hundred weight 
in his arms, by his natural ſtrength, would be 
able to raife 3400 hundred weight by this en- 
gine,—Bur it is here as in all other mechanical 
caſes ; for the time loſt is always as much as the 
power gained, becauſe the velocity with which 
the power moves will ever exceed the velocity 
with which the weight rifes, as much as the in- 
tenſity of the weight exceeds the intenſity of rhe 
power, N a | . * 5 | . D 

The friction of the ſcrew- itſelf is very confi- 
derable; and there are few compound en- 
gines, but hat, upon account of the friction of 
the parts againſt one another, will require a chird 
pr CY to work them when loaded, 
than what is ſufficient to conſtitute a balance be- 
tween the weight and the power. ny 


LEO r. Iv. 
Of mills, cranes, e and the engine for 


As theſe machines are ſo univerſally uſeful, 
it would be ridiculous to make any apo- 
for deſcribing them. 3 
n a common breaft-mill, where the fall of pi VII 
vater may be about ten feet, AA is the great pig. 2. 
waeel, which is generally about 17 or 18 feet in A com- 
| F 4 diameter, mon mill, 


Of Maler- Milli. 


diameter, reckoned from the outermaſt edge of 
any float-board at a to that of its oppoſite float at 
53. To this wheel the, water is conveyed, through 
0 and ſo falling upon the wheel, tursi i 
rou + 415-48 $615? 375 dl eee 

On the axis BB of this wheel, and within the 
mill houſe, is a whe:1 D, about $ or.g, feet dia- 
meter, having 61 cogs, which turn a trundle A 
containing ten upright ſtaves or rounds; and 
when theſe are the number of cogs and rounds, 
the trundle will make 6 revolutions for one 


* « F 


revolution of the wheel. 
Ihe trundle is fixt upon a, ſtrong iron axis 
called the ſpindle, the lower end of which turns in 
a heal os 82 F, in A 2 * zi 
called the bridge-tree ; an pet part of 
ſpindle turns — wooden buſh oy Fas 3g 
millſtone which lies upon beams in the floor 77. 
The top part of the ſpindle. above. the buſhis 
ſquare, and goes into aſquare hole in a ſtrapg,iron 
croſs ab cd, (ſee Fig. 3.) called the..rynd,z. under 
which, and cloſe to the buſh, is a round. piece of 
thick leather upon the ſpindle, Which it turns 
round at the ſame time as it does the rynd, ..... 
The rynd is let into grooves in the under fur- 
face of the running millſtone G (Fig. 2.) and ſo 
turns it round in the ſame time that the trundleE 
is turned round by the cog- wheel D. This mill- 
ſtone has a large hole quite thraugh its middle, 
called the eye of the ſtone, through which the 
middle part of the-rynd and upper end of the 
ſpipdle may be ſeen ; whilſt the four ends of the 
rynd lie hid below the ſtone in their grooves. 
The end T of the bridge-tree T (Which ſup· 
ports the upper millſtone G upon the ſpindle) b 
fixed into a hole in the wall; and the end & is let 
into a beam R called the brayer, whoſe end R 


7 


re mains 
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remains fixt in à mortiſe: ee . 
hangs by a ſtrong iron rod P which goes through 


the floor T, and has a 5 on its t 
0; by the turning of which nut, the end 

the wh is raiſed or depreſſed at IDs and 
conſequently. the bridge · tree Ti and 


ſtone, By this means, the upper ae 1 


be ſet as cloſe to the under one, or, raiſed as hi 
from it, as the miller pleaſes. -- The nearer 
millſtones are to one another, the finer they grin 
the corn, and the more remote from one A 
the coarſer. _ 

The upper millſtone G is incloſed in a roun; 
box H, which does not touch it any here; 
is about an inch diſtant from its edge all around. 
On the top of this box ſtands a. frame for Ro; 
ng the hopper x, to which is hung the ſh 1781 
by two lines faſtened to the hind: ind by of it, 
upon hooks in the hopper, and. by one end 
the crook-ſtring R faſtened to the art. of it. 
aj; the other end being Wo tel rojod pin L. 
As the pin is turned one ways, the ſtring draws. 
up the ſhoe cloſer to the hopper, and ſo "leſſens 
the aperture between them; and as the pin 1s. 
raed the other way, ĩt lets down the ſhoe, and 
__ the a 7 7 * 

the ſhae rawn te to: the p 

to corn can fall from n DAS | into the 15 
f it be let a little down, ſome; will fall; and the 
quantity will he more or ! = according as the 
ſhoe is more or less t 40 . f Fac the hopper i is 
open at bottom, an there 15a hole in the bottom 
8 the ſhoe, noc due under the bottom of the 
bopper, but, forwarder tawards the end i, over, 
tte middle of the eye of the millſtone. 

There isa ſquare hole in the top of the 255 Fig. 3. 
þ which is put. the Ro N feeder 
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ſpindle turns round) jogs the ſhoe three titel f 


backwards or forwards, which draws * 
1. 


muſt be fed flowly at any rate; -otherwile 
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_ e e 19 cops - corn to 
conſtantly down e through the 
into the 5 of the milfifives, where hal — 
the top of the rynd, and is, bythe motion of the 
rynd, andthe leather under it, thrown below the. 
upper ſtone, and ground between it and the 
lower one. The violent motion of the ſtone 
creates a centrifugal force in the corn g 
round with it, by which means it gets farther's 
farther from the center, as in a Foital, in every 
revolution, until it be thrown, quite out bow 
being then ground, it falls through a ſpout M, 
called the mill-eye, into the trough V. 
When the mill is fed todo faſt, che corn bean 
up the ſtone, and is ground too coùrſe; and be- 
ſides, it clogs the mill fo as to make it ge e 
low. When the mill is roo lowly : fed, It pbes 
too faſt, and the ſtones by their artriczon are opt 
to ſtrike fire againſt” one another. "Bock which 
inconvenienciesare avoided by turning che pm + 
Nr 
Fa 


down the ſhoe z and fo regulates the 
the miller ſees convenient, OS 
The heavier the running millſtone is, andthe 
greater the quantity of water that falls upon the 
wheel, fo much the faſter will the mill bear to be 
fed; and conſequently ſo much the more Twill 
ind. And on the contrary, the lighter” the 
one, and the leſs the quantity of warer, ſo much 
ſlower muſt the feeding be. Bur when the ſtone 
is conſide rably wore, and become light, the * 


ſtone will be too much borne by the com 


under it, which will make the meal coarſe.”.... 


The quantity of power required to turn a 


heavy millſtone is bur very lictle more . 


we 


n 


pn a e is but very ever Free — 
tion againſt the power or force of the water. 
nd beſides, a heavy ſtone has the fame advan»: 


a light one. 


e motion much 


"ws 2 exch cut or perpendi rpendicularly on one 
de and obli other into the ſtone, 
hich gives wy 8 ſharp. edge, and in 


other like the edges of a pair of ſciſſars: and ſo 
t the corn, to make it the eaſier when it 
upon the places the furrows. 
Theſe are cut the ſame way in bath ſtones hen 
Fat e 
dls ways to eac 1 

wyerted by turni 2 
bat of the lower. Dy 7 OY forrows — 
ones lay the ſame way, à great deal of the corn 
| be driven onward in the lower furrows, 
12 from bean the ones withs 
ut ever being cut. 

When . diadt and Hallie: 
wearing, the running ſtone muſt be taken 
p and both ſtones new dteſt with a chiſel and 
mmer. And every time the ſtone is taken up, 
ere muſt be ſume tallow put round the ſpi 


A KRA 


F 


ie 


e heat the le acquires from its turn 
anbbing equate buſty nd bree 


ge as a heavy fly z namely, that it regulates 


he two ſtones they come, as it were, againſt one 


xn the buſh, which will ſoon be melted by 
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betwixt them : otherwiſe the buſh: bom take 
fire in a very little time. 

The buſh muſt — the ſpindle quiy 
coſt; 1o prevent any ſhake in the motion, which 
woutd make ſome parts of the ſtones grate and 
fire againſt each other; whilſt other parti 
them would be too far aſunder, -_ by tha 
means {poi} the meal in grinding. 
Whenever the!{pindic we wears Adin + * to 
begin to ſhake in it, the ſtone muſt be taken up, 
and a chiſel drove into ſeveral: parts of the buli 
and when it is taken out, wooden wedges mult by 

driven into the holes; by which means the buſt 
will be dy embrace the ſpindle cloſe al 
around it again. In n 
be — — wedges into the buſh ag 
ſides N ſpindle; otherwiſe it wi 
be thrown out of the per „and ſo hin- 
derithe r ftone-from b et parallel to the 
———————— 
ing good work. When any accident of -this 
kind happens, the per endicular poſition of the 
ſpindle muſt be reſtored by aduſting the bridgs 
tree S by proper wetlges put between it an 
tie brayer . e eee ee e 
£ Alt often chat the-rynd/is's fink 
_ wrenched in laying down the done 
it g or ig made to fink a little open 
ſide of the ſpindle than on the other; and: 


will cauſe ont edge of the u ſtone roldr 0 
all around — ewes. the oppoli * 
edge will not touch. But this ſis vnſily fer u 7] 
rights,” by: raiſing the ſtone à little with a lever; yo 
and putting bits of pa aper, cards or thin d 1 |. 
betwixt the rynd and the ſtone 019 57 Mice 

The diameter of the upper ſtone 18 x Whe: 
boa. = feet, the lower ſtone — a0-in 


more « 


Of Water- Mills. | 
more: and the upper ſtone: when new contain 
about 224 cubic" feet, which” weighs fomewha 
more than 1900 pounds. A ſtone of this dia- 
meter ought never to go mote'than 60 times 
wund in a minute; for i it turns faſter, it will 
heat the meal. aids. es nw rms» 
The grinding ſurface of the under ſtone is A 
little convex from the edge to the center, and 
that of the upper ſtone a little more contaye: {6 
that they are fartheſt from one another it the 
Wmiddle, and come gradually nearer towards the 


trance between the ſtones is only bruiſed ;' but a8 
t goes farther on towards the circumference or 
edge, it is cut ſmaller and ſmaller ;' and at laft 
frely ground juſt before it comes out from be- 
been them. 0 27600! eee enn IR 
The water-· wheel muſt not be too large, for 
it be, its motion will be too flow; nor too 
little, for then it will want power. And for a 
mill to be in perfection, the floars of the wheel 
ought to move with à third part of the velocity 
of the water, and the ſtone'to turn round once in 
a ſecond of time. A Ya 
Such a mill as this, with a fall of water about 
7; feet, will requireabout 32 hogſheads every mi- 
ute to turn the Heel with a chird part of the 
felocity with which the water falls; and to 
vercome the reſiſtance ariſing from the friction 
45 geers and attrition of the ſtones in grinding 
con. bn n eee hw vir 
Ihe greater fall the water has, the leſs quan- 
bty of it will ſerve to turn the mill. The water 
kept up in thè milh-dam, and let out by 2 
i vice called the penſtock, When the mill is to go. 
een the penſtock is drawn up by means of a 
or it opens a paſſage throughwhich ea 
EY KD | WS 


edges. By this means, the corn at its firſt en- 


mill (where the wheel has 'buckers inſtead d 


quantity of water, and a fall great 


flows to the wheel: and when the mill is toe 


ſtopt, the penſtock is let down, whi the 
=_— from falling upon the oe "op 
A leſs quantity of water will turn an averſho; 


float-boards) than a breaſt-mill where the fall of 
the water ſeldom excceds half the height 4% of 
the wheel. So that, where there is but a wal 
| enough for the 
wheel to lie under it, the bucket (or overſhat) 
wheel is always uſed. But where there is gl 
body of water, with a little fall, the breaſt orfloy: 
board wheel muſt take place. Where the war 
runs only upon a little declivity, it can act bu 
lowly upon the under part of the wheel at i i 
which caſe, the motion of the wheel will be ven 
flow : and therefore, — * 
long, though not high, that a large f water 
5 n that what is wanting in 
velocity may be made up in power: and then 
the cog-wheel may have a greater number d 
cogs in proportion to the rounds in the trusdle 
OT give the millſtone a ſufficient degres 
VELOCITY. n Gs 
They who bave read what is ſaid in the fr 
fling fly by the power of ror Ah 
ing y by the power of gravity 
conſtantly and uniformly upon them, .may pt 
haps aſk, why ſhould the motion of the wheel be 
equable, and hot accelerated, ſince the watera® 
conſtantly and uniformly upon it? The plan 
anſwer is, that the velocity of the wheel "cal 
never be fo great as the velocity of the 
that turns it; for, if it ſhould not become 
* the power of the water would be g 
upon the wheel, and then there would-be w 
proper force to oyercome the friction _ 
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rs and attrition of the — Therefore, 
yelocity with which the "wheel begins to 
move, will 4 2 no longer than till its nam 
un or force is balanced by the reliſtance of the 
machine ; and then the wheel will go on with an 
equable motion. 

[If the eg · wheel Y be made about 15 inches 4 4. 
dameter, wk 39: the trundle as ſmall in 1. 

rtion, with 10 ſtaves, and the millſtones_be 

ac pi two feet in diameter, and the whole 
york be put into a ie frame of wood, as re- 
preſented in the figure, che . will be a hand- 
mill for grinding, corn or malt in private fami- 
lies. And het” it may be turned by a winch 
inſtead of the wheel 14 A: the millſtone making | 
three revolutions for every one of the winch, 
If a heavy fly be put upon the ande B, near the 
winch, it will to regulate the motion. 

If the cogs of the wheel and rounds of the 
rundle could be put in as exattly as the teeth 
a cut in the wheels Se de; of a clock. 
then the trundle might divide the wheel exaQly: 
be , the a Ne might make a given 
number of revolutions for on one of the w 
vithout a fraction. But as any exact number is 
not neceſſary in mill - work, and the cogs and 
rounds cannot be ſet in ſo truly as to make all 
the intervals betwern them equal; a ſkilful |» 
mil-wright will always give the he wheel what he 
calls a bunting cqgz, that is, one more than hat 
kill anſwer to an exact diviſion of the wheel by 
the trundle. And then, as every cog comes to 
the trundle, it will take the next ſtaff or round 
behind the ene which it tock in the former re- 1.3 


then 
er of 
ade, 
* 
Grit 
ode 
King 
* 


ralution : and by that means, will wear all tbe 
puts of the cogs and rounds which work upon 
1 

3 


Fig. 4+ 


one of the ſtaves of its dual 


A bork- 


mill. 


A wind- 
mill, 


_ trundle B B, on whole axis 
zontal wheel D, with cogs 


is turned by the action of the win 


Of Horſt-Malls and ue, 


one another in a little time; and 10 f 
uniform ofion throughour © the » E wh 
Thus, in the above water=mill, th Ws. / hy 
10 ſtaves, and the wheel 61 c 988. 
* L rye Pod prin is 5 ee A 
tity of water, the cog-w rns! 
471 fixed ils bony 
all round nl 
turning two trundles E and. Fat the ſame U 
whoſe axes or ſpindles G and H tu "rw 
ſtones Tand K, upon the fixed ſtoves'L "all 
And when there is not hot * 92 
either may be made to lie 


vacant place towards the he D. - 
there may be a wheel fixt on t 
— pen upright axle C for RON — 
8 deere, * and 4 7 * for 
” e ſac anning and c 
th ning of tools, 88. A * "i 
\ inſtead of the cog-whedl AH and wind 
B B, horizontal levers be fixed. my the a 
below the wheel P; then, horſes tia 7.6 put 
theſe levers for turning the mill; which Wa 
var of where water cannot be had or that: | 
x 
Porz. working parts of a — 
little from thoſe of a water · mill; only them 


6 1 


ſails, every one of which ou oug 
believed) t to make an angle 22 0 
a plane perpendicular to the axis on whiel 90 
arms are fixt for carrying them. It 
monſtrable, that when the fails are ſet 0 
atigle, and the axis turned tn rowatd 4 
wind, the wind has eo. bor: wer —_ th 


fails, But this angle vers only 1o he Ul 
. 4 
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Of Wind-Milh, 
hen the vane has a certain degree of motion, it 


increaſed to give the wind its full effect. 


Again, the increaſe of this angle 


from the axis to the extremity of the vane. . At 
the axis it ſhould be 543 degrees, and thence 


erent planes, 


from the axis to the extremity, giving the vane a 
curvilineal form; ſo that no part of the force of 
any one rib be ſpent upon the reſt, but all move. 
on independant, of each other. All this is re- 
uired to give the ſails of a wind- mill their true 
form: and we ſee both the twiſt and the diminu- 
tion of the ribs exemplified in the wings of birds. 
It is almoſt incredible to think with what 
elocity the tips of the ſails move when acted 
pon by a moderate gale uf wind, I have fe- 
eral times counted the number of revolutions 


dom the length of the arms from tip to tip, 
ave computed, that if a hoop of that diameter 
as to run upon the ground with the ſame veio- 
ty that it would move if put upon the ſail- 
ms, it would go upwards of 30 miles in an 
jour, | 
As the ends of the ſails, neareſt the axis can- 
t move with the ſame velccity that the tips or 
«thelt ends do, although the wind acts equally 
ng upon them; perhaps a better poſition 
ban that of ſtretching. them along the arms 
rectly from the center of motion, might be to 


See Mac Lavaix's rs near the end. 


have 


2 vane or ſail juſt beginning to move * :. for, 
ields to the wind; and then that angle muſt be 
| t ſhould be 
different, according to the different velocities 
continually increaſe, giving the vane a twiſt, and 


ſo cauſing all the ribs of the vane to lie in dif- 
Laftly, theſe ribs ought to decreaſe in length 


ade by the fails in ten or- fifteen minutes; and 
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have them ſet perpendicularly acroſs the farther 


ends of the arms, and there adjuſted lengthwiſe 
ro the proper angle. For, in that caſe, both 


ends of the fails would move with the ſame ve- 


A crane. 


Plate VIII. 
Fig. 1. 


Jocity; and being farther from the center of 
motion, they would have ſo much the more 
power: and then, there would be no occaſion 
tor having them ſo large as they are 

made; which would render them lighter, and 
conſequently, there would be ſo much the lef 
friction on the thick neck of the axle where ic 
turns in the wall. 1 2 

A crane is an engine by whic t wei 

are raiſed to ko, heights, or je: do . 
tain depths. It conſiſts of wheels, axles, pul- 
leys, ropes, and a gib or gibbet. When the 
rope H is hooked to the weight K, a man turns 
the winch A, on the axis whereof is the trundk 
B, which turns the wheel C, on whoſe axis Dis 
the trundle E, which turns the wheel F with its 
upright axis G, on which the great rope HH 
winds as the wheel turns; and going over 2 
pulley I at the end of the arm dof the gib cede, 
it draws up the heavy burthen X; which, being 
raiſed to a proper height, as from a ſhip to the 
quay, is then brought over the quay by pulli 
the wheel Z round by the handles x, 2, wh 
turns the gib by means of the half wheel þ fixt 
on the gib-poſt cc, and the ſtrong pinion a fixt 
on the axis of the wheel Z. This wheel gives 


the man that turns it an abſolute command over 
the gib, ſo as to prevent it from taking any un- 


lucky ſwing, ſuch as often happens when it is 
only guided by a rope tied to its arm d; and 


people are frequently hurt, ſometimes killed, 


by ſuch accide 
7 uch accidents. | = 
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p The great rope goes between two upright. 

. rollers i and &, which turn upon in 

h the fixed beams f and g; and as the gib is turned 

- towards either ſide, the rope bends. upon the 

f roller next that ſide; Were it not for ' theſe 

e rollers, the gib would be quite unmanageable; 

n for the moment ir were turned ever ſo little to- 

y wards any fide, the weight K would begin to 

d deſcend, becauſe the rope would be ſhortened 

ls between the pulley J and axis G; and ſo the 

ic gib would be pulled violently to that fide, and | 
either be broke to pieces, or break every thing | 

ts that came in its way. Theſe rollers muſt be | 

r. placed ſo, that the ſides of them, round which 

l the rope bends, may keep the middle of the 

de bended part directly even with the center of the 

ns hole in which the upper gudgeon of the gib 

he turns in the beam f. The truer theſe rollers are 

is laced, the eaſier the gib is managed, and the 

ts ſs apt to ſwing either way by the force of the 

1 weight X. 0 | | 

' 2 A ratchet-wheel © is fixt upon the axis D, | 

de, near the trundle E; and into this wheel falls the = 

ing WW catch or click R. This hinders the machine | 

the from running back by the weight of the bur- | 

" then K, if the man who raiſes it ſhould happen 

| to be careleſs, and fo leave off working at the 

fixt winch A ſooner than he ought to do. 

fixt When the burthen XK is raiſed to its proper 

ves height from the ſhip, and brought over the 

wet quay by turning the gib about, it is let down 

ul. gently upon the quay, or into a cart ſtanding 

It 1% BY &hereon, in the following manner: A man takes 

10 hold of the rope # # (which goes over the pulley 


d, and is tied to a hook at & in the catch KR) and 
o diſengages the catch from the ratchet· wheel 
V and then, the man at the winch A turns it 

G 2 back- 
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. trundle B to lay hold of the wheel C4 and _ 
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backward, and lets down the weight X. But if 
the weight pulls too hard againſt this man, atio- 
ther lays hold of the handle V, and by pulling 
it downward, draws the gripe U cloſe-to the 
wheel 2, which, by. rubbing hard againſt the 
gripe, hinders the too quick deſcent of the 
weight; and not only ſo, but even ſtops it at 
any time, if required. .' By this means, heavy 
goods may be either raiſed or let down = plea- 

; men 


jure, without any danger of hurting 
who work the engine. —_— 
When part of the goods are craned up, and 
the rope is to be let down for more, the catch R 
is firſt diſengaged from the ratchet- Wheel & by 
pulling the cord t; then the handle g is turned 
half round backward, which, by the crank nn. 
in the piece e, pulls down the frame * between 
the guides m and m (in which it ſlides in a 
groove) and fo diſengages the trundle B from 
the wheel C: and then, the heavy hook Þ'at 
the end of the rope V deſcends by its own 
weight, and turns back the great wheel F with 
its trundle E, and the wheel C; and chis laſt 
wheel acts like a fly againſt the wheel F and hook 
; and ſo hinders it from going down too 
quick; whilſt the weight X keeps up the gripe 
from rubbing againſt the wheel Z, by means 
of a cord going from the weight, over the pulley 
wW to the hook V in the gripe; ſo that the 
gripe never touches the wheel, unleſs it be pulled 
down by the handle J. . N 
When the crane is to be ſet at work again, 
for drawing up another burthen, the handle q 1 
turned half round forwards; Which, by ec 
crank uu, raiſes up the frame b, and cauſes the 
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by turning the winch A, the burthen of goods 
K is drawn-up as beformme. 

The crank » M turns pretty {tiff in the mortiſc 
near o, and ſtops againſt. the farther end of it 
when it has got juſt a little beyond the perpen- 
dicular; ſo that it can never come back of it- 
ſelft: and therefore, the trundle B can never 
come away from the wheel C, until the handle 
q be turned half round. | 

The great rope runs upon rollers in the lever 
L M, which keep it from bending between the 
axle at & and the pulley IJ. This lever turns upon 
the axis V by means of the weight O, which is 
Juſt ſufficient to keep its end L up to the rope; ſo 
that, as the great axle turns, and the rope cots . 
round it, the lever riſes with the rope, and pre- 
vents the coilings from going over one another. 

The power of this crane may be eſtimated thus: 
ſuppoſe the trundle ̃ to have 13 ſtaves or rounds, 
and the wheel C to have 78 ſpur cogs; the trundle 
E to have 14 ſtaves, and the wheel # 56 cogs. 
Then, by multiplying the Raves of the trundles, 
13 and 14, into one another, their product will be 
182; and by multiply ing the cogs of the wheels, 
78 and 56, into one another, their product will be 
43685, and dividing 4368 by 182, the quotient 
will be. 24; which ſhews that the winch, A makes 
24 turns for one turn of the whecl # and its 
axle C on which the great rope or chain HTH 
winds. So that, if the lengch or radius of the 
winch A were only equal to half the diameter 
of the great axle C, added to half the thickneſs 
of the rope H, the power of the crane, would be 
45 24 tO 1: but the radius of the winch being 
double the above length, it doubles. the ſaid 
power, and ſo makes it ay 48 to : in which 


caſe, a man may raiſe 48 times as much weight 


G 3 by 
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by this engine as he could do by his Wat 


ſtrength without it, maki roper allowunce 

for the friction of the workin 22 
men may work at once, by - ahother 
winch on the oppoſite end of — of the 

doable under B; and ſo make the pow fil 
ouble 


If this power be thought chan bet 
may be generally wanted, t e wheels may be 
mae with n enn 
in the trundles; ſo the be 


whatever degree is judged to 5 But 
if the weight be ſo great as will require ict mot 


power to raiſe it ue a double quantity) 
then the rope H may be put under 3 

pulley, as 9, and the end of ĩt tied to . — 
the gib at ; which will give a double power 0 
the machine, and fo raiſe a double weight 
hooked to the block of the movrable pullex. 
When only ſmall burthens are ſo raiſed, this 
may be quickly done by men puſhing the axle 
G round by the handſpokes y, y, y, yz having 
15 diſengaged the trundle B from the Whee! 
C: and then, this wheel will only act as a f 
upon the wheel Y; and the catch N will 
its running back, if the men ſhould inadvert- 
_ ently leave off puſhing before the burthen be 
unhooked from þ. 

Laſtly, when very heavy burthens ate do be 
raiſed, which might — 4 the breaking of 
the dogs in the wheel F; their force 3 — theſe 
cogs may be much abated by men p 
the handſpokes y, Y, 1, LS. whilſt the — 
turns the winch. 

I have only ſhewr' the voting parts of this 
crane, 1 the whole of the beams which 
ſupp ort them; knowing that theſe are ea 


ſuppoſed, 
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they | the 
working parts from ſight, and alſo confuſed the 
r 


C, of its axle BC, the great rope D is wound as 
the wheel turns; and this rope draws up goods 
in the ſame way as the rope HH does in the 
above-mentioned crane, the gib-work here be- 
ing ſuppoſed to be of the ſame ſort. But theſe 
cranes are dangerous to the men in the 
wheel; for, if any of the men ſhould chance to 
fall, the burthen will make the wheel run back 
and throw them all about within itz which 
often breaks their limbs, and ſometimes kills 
them, The late ingenious Mr. Padmore of Bri- 
ſtol, (whoſe contrivance the forementioned crane 
is, ſo far as I can remember its conſtruction af- 
ter ſeeing it once about twelve years ago) 
obſerving this dangerous conſtruction, con- 
trived a method for — it, by puttin 
cogs all around the outſide of the wheel, a 
applying a trundle E to turn it ; which increaſes 
the power as much as the number of cogs in the 
wheel is greater than the number of ſtaves in 
the trundle : and by putting a ratchet-wheel F 
on the axis of the trundle, (as in the above- 
mentioned crane) with a catch to fall into it, the 
great wheel is ſtopt from running back by 
the force of the weight, even if all the men in 


Since the firſt edition of this book was printed, I have 
kea the ſame crane again; and do find, that though the 
— parts are much the fame as above deſcribed, yet 
the method of railing or OT the trundle J, and the 


Catch R, 8 have deſcribed em. 
4 It 


——— crane is made in the fol- Another 
lowing manner. AA is a great wheel turned 2. 
by men walking within it at H. On the part Fig. * 


J. heel - 


(ariiages, 


\ ſcribe them. And therefore, we ſhall only 


the fore- wheels werr as high as the hind ones, 
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it ſhould leave off walking. And by.6ne min 
working at the winch J, or two men at the op- 
polite winches when needful, the men in the 
wheel are much aſſiſted, and much greater 
weights are raiſed, than could be by men only 
within the Wheel. Mr. Padmore put alſo 2 
gripe-wheel G upon the axis of the trundle, 
which being pinched in the ſame manner as de- 
ſcribed in the former crane, heavy 'burthen; 
may be let down without the leaſt danger. mi 


And before this contrivance, the lowering of the 
goods was always attended with the utmaſt wh 
danger to the men in the wheel; as every one bo 


mult be ſenſible of, who has ſcen ſuch engines mo 


at work. N 


And. it is ſurpriſing that the maſters of whatfs Wh 


and cranes ſhould be ſo regardleſs of the limbs, ore 


or even lives of their workmen, that excepting ma 


the late Sir James Creed of Greenwich, and real 
ſome gentlemen at Briſtol, there is ſcarce an in- Wl par: 
ſtance of any who! has uſed this ſafe contri 
e oh 5 Bet 

The ſtructure of wheel: carriages is generally 
ſo well known, that it would be nredleſs to de- 


point out ſome inconveniencies attending the 
common method of placing the wheels, and 
loading the waggons 2 

In coaches, and all other four-wheeled car- 
riages, the fore-wheels are made of a leſs ſiae 
than the hind ones, both on account of -turn- 
ing ſhort; and to avoid cutting the braces: 
otherwiſe, the carriage would go much eaſier if 


and the higher the better, becauſe their motion 
would be ſo much the lower on their axles, and 
conſequently the friction proportionably nie 
5 1 p ; f p 0 . ; 4 0 o 
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off. But carriers and coachmen give. anather 

reaſon for making the fore-wheels much lower 
than the hind-wheeisz namely, that when they 

are fo, the hind-wheels help to puſh on the fore 

ones: which is tco unphiloſophical and abſurd 

to deſerve a retutation, and yet for their ſatis- 

faction we ſhall ſhew by experiment that it has 

no exiſtence but in their own imaginations, 

5 It is plain that the ſmall wheels muſt turn as 

ö much oftener round than the great ones, as 

f their circumferences are leſs. And therefore, : 
ſt when the carriage is loaded "equally heavy on 
e 

ts 


both axles, the tore-axle mult endure as much 
more friction, and conſequently wear out as 
much ſooner, than the hind-axle, as the tore- 
fs wheels are leſs than the hind ones. But the 
s, great misfortune is, that all the carriers to 2 
8 man do obſtinately perſiſt, againſt the cleareſt 
a realon and demonſtration, in putting the heavier 
6 part of the load upon the fore- axle of the wag- 
i- WH won; which not only makes the friction greateſt 
where it ought to be lealt, but allo preſſeth the 
iy WM forc-wiecls deeper into the ground than the 
je- ad-uheels, notwithſtanding the fore-wheels, 
being leſs than the hind ones, are with fo much 
he c greater difficulty drawn out of a hole or over 
nd n obſtacle, even ſuppoſing: the weights on their 
ales were equal. For the dificulty, with 
a- Wl <qual weights, will be as the depth of the hole 
2c or height of the obſtacle is to the ſemidiameter 
n- the whecl. Thus, if we ſuppoſe the ſmall 
5: el D of the waggon AB to fall into a hole pig. 1. 


; aud there- 
fore, 


Of Wheel-Carriages. 
fore, all the power of horſes and men will not 
be able to draw it out, unleſs the " gives | 
way before it. Whereas, if the hind-wheelC 
falls into ſuch a hole, it ſinks not near ſo deep 
in proportion to its ſemidiameter; and there. 
fore, the point G of the large wheel will not be 
drawn directly, but obliquely, againſt the top 
of the hole; and fo will be eaſily got out of ir. 
Add to this, that ſince a ſmall wheel will often 
fink to the bottom of a hole, in which a 
wheel will go but a very little way, the {mall 
wheels ought in all reaſon to be loaded with lels 

weight than the great ones : andthen the heavier 
part of the load would be leſs jolted upwardand 
downward, and the horſes tired ſo much the 
leſs, as their draught raiſed the load to lels 
heights. | | 4.740 0 
It is true, that when the waggon-road ig 
much up-hill, there may be danger in loading 
the hind part much heavier than the fore part; 
for then the weight would overhang the hind- 
axle, eſpecially it the load be high, and endat- 
ger tilting up the fore-wheels from the | 
In this caſe, the ſafeſt way would be to load it 
equally heavy on both axles; and then, as much 
more of the weight would be thrown upon the 
hind- axle than upon the fore one, as the groun 
riſes from a level below the carriage. But as this 
ſeldom happens, and when it does, a ſmall tem- 
— weight laid upon the pole between the 
orſes would overbalance the danger; and this 
weight might he thrown into the-waggon when 
it comes to level ground; it is ſtrange that in 
advantage ſo plain and obvious as would ariſe 
from loading the hind-wheels heavieſt, ſhouk 
not be laid hold of, by complying with this 


T0 


To confirm theſe reaſonings by experiment, 


its fore-wheels 24 inches in diameter, and its 
hind-wheels 41; the whole model weighing 
about 20 ounces. Let this little iage be 
loaded any how with weights, and have a ſmall 
cord tied to each of its ends, equally high from 
the ground it reſts upon; and let it be drawn 
along a horizontal board, firſt by a weight in a 
ſcale hung to the cord at the fore part; the cord 
going over a pulley at the end of the board 
to facilitate the draught, and the weight juſt 
ſulicient to draw it along. Then, turn the 
carriage, and hang the ſcale and weight to the 
hind cord, and it will be found to move along 
vith the fame velocity as at firſt : which ſhews, 
that the power required to draw the carriage 
s all the ſame, "whether the great or ſmall 
wheels are foremoſt; and therefore the great 
wheels do not help in the leaſt to puſh on the 
(mall wheels in the road. | 
Hang the ſcale to the fore cord, and place 
the fore-wheels (which are the ſmall ones) in 
wo holes, cut three eighth parts of an inch 
ccep igto the board; then put a weight of 32 
dunces into the carriage, over the fore-axle, 
nd an equal weight over the hind one: this 
done, put 44 ounces into the ſcale, which will 
be juſt ſufficient to draw out the fore-wheels': 
bt if this weight be taken out of the ſcale, and 
one of 16 ounces put into its place, if the hind- 
"heels are peed in the holes, the 16 ounce 
eight will draw them out; which is little more 
wan a third part of what was neceſſary to draw 
but the fore-wheels. This ſhews, that the lar- 
ker the wheels are, the leſs power will draw 
le carriage, eſpecially on rough ground. 


RE BESSFSRI SD OGaOT8 


S 


EEE BESS ERLTS=—S5 Io = 


2 


Pur 


t a ſmall model of a waggon be made, with 
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Put 64 ounces over the axle of the hind 
Wheels, and 32 over the axle of the [fore ogg 
in the carriage; and place the - fore-wheels in 
the holes: — put 38 ounces into the ſcale 
which will juſt draw out the fore- wheels and 
when the hind ones come to the hole, they wil 
find but very little reſiſtance, becauſe they fink 
but a little way into it. 4 M ene » 
But ſhift the weights in the carriage, by pu- cal. 
ting the 32 ounces upon the hind axle, and the MW mu: 
64 ounces upon the fore one; and place the WM bric 
fore- wheels in the holes: then, if 76 ounces be WM bric 
put into the ſcale, it will be found no more tha ind 
ſufficient to draw out theſe Wheels; which v Win t! 
double the power required to draw them out, vit 
when the lighter part of the load was put upon BW In t 
them: which is a plain demonſtration of the ad Will 2 
ſurdity of putting the heavieſt-part of the Jo latte 
in the fore part of the waggon. in, wit: 
Every one knows what an outcry was made by Wl ide 
the generality, if not the whole body, af the ca» Wi wat 
riers, againſt the broad-wheel act; and ho bard BY oro: 
it was to perſuade them to comply with ity even BY po! 
though the government allowed them to drav bor 
with more horſes, and carry greater loads, chat A 
uſual. Their principal objection was, that as gro. 
broad wheel mult touch the ground, in @.gra i load 
many more Faun than a narrow heel, the tuc- coin 
tion mult of courſe be juſt ſo much the greater Acc 
and conſequently, there muſt be ſo many Moro by 
horſes than uſual, to draw the waggon. I bellen 
that the majority of people we of the ſame 
opinion, not conſidering, that if the Whole eg 
of the waggon and. doad in, it bears upen 
great many points, each ſuſtains a propor 
pnably leſs degree of weight and friction, tha 
when it bears only upon a few points; e 


Of Wheel-Carriagts. 93 
hat is wanting in one, is made ap in the other; 
and therefore will be juſt equal under equal'de- 
orecs of weight, as may be ſhewn by the follows 
ing plain and eafy experiment. 

Let one end of a piece of packthread be 
Gſtened to a brick, and the other end to a com 
mon ſcale for holding weights: then, having 
laid the brick edgewiſe on a table, and let the\ 
ſcale hang under the edge of the table, put as 
much weight into the ſcale as will juſt draw the 
brick along the table. Then taking back the 
brick to its former place, lay it flat on the table, 
and leave it to be acted upon by the ſame weight 
in the ſcale as before, which will draw it along 
with the ſame caſe as when it lay upon its edge. 

In the former caſe, the brick may be conſidered 
33 4 narrow wheel on the ground; and in the 
latter, as a broad wheel. And fince the brick is 
drawn along with equal eaſe, whether its hroad 
lde or narrow edge touches the table, it ſnews 
that 2 broad wheel might be drawn along the 
ground with the ſame caſe as'a narrow one (fup- 
pling them equally heavy), even though they 
ſhould drag, and not roll, as they go along. 

As narrow wheels are always ſinking into the 
ground, eſpecially when the heavieſt part of the 
load lies upon them, they muſt be conſidered as 
going conſtantly up hill; even on level ground. 
And t cir edges mult ſuſtain a great deal ot fri a ion | 
by rubbing againſt the ruts made by them. But 84 
both theſe inconve niencies ate avoided by broad 1 
meels ; which, inſtead of cutting and plough- 
ng up the roads, roll them ſmooth, and harden 
tem; as experience teſtiſies in places where 
hey have been uſed, eſpecially either on wettiſh 
«land ground: though after all it muſt be con- 
kd, that they will not Co in ſtiff clayey croſs 

. - roads N 
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roads ; becauſe they would ſoon gas 
much clay as would be almoſt equal to t 
of an ordinary load. r 
If the wheels are always to go up 
and level ground, the beſt way would e 
the ſpokes perpendicular to the naves an 
to-ſtand at right angles to the ales? nn 
they would then bear the weight of than 
perpendicularly, which is the ſtrongeſ a_ 
wood. But becauſe the ground is ge] ] 8 
even, one wheel often falls into a ⏑ 
when the other does not; and then it be 
more of the weight than the other 
Which caſe, concave or diſhing wheels ann 
becauſe — one falls _ — 2 

keeps upon high ground, s becom 
pendicular in the rut, and pn have ul 

the 

; 


teſt ſtrength when the obliquity of 
—. moſt of its weight — 4. whilh 
thoſe on the high ground have leſs weighty 
and therefore need not be at their ful 
So that the uſual way of making the wheanann 
cave is by much the beſt. 1 
s m 


The axles of the wheels ought to 
ſtraighr, that the rims of the 
parallel to each other; for then they wil 
eaſieſt, becauſe they will be at liberty! 2 
ſtraight forwards. But in the uſual way am 
tice, the axles are bent downward at the” 
which brings the ſides of the wheels na 
ground nearer to one another than their on 
or higher ſides are: and this not only mann 
wheels to drag ſidewiſe as they go' alan 
gives the load a much greater power oF 
them than when they are parallel to eacnnn_ 
but alſo endangers the over- turning of 
riage when any wheel falls into a hole ara 
8 va 
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whet the carriage in a road which has one 

kde lower en, 6. 2a as along the ſide of a 

kill, Thus (in che hind view of a waggon or 

an) let AE and BF be the great wheels paral- 
&|to each other, on their ſtraight axle X, and pig. 4. 
ie the carriage loaded with heavy goods from 

CtoG. Then, as the carriage goes on in the 
oblique road A A B, the center of gravity of the 

whole machine and load will be at C“; and the - See 
ine of direction Cd D falling within the wheel page 13. 
IF, the: carriage will not overſet. But if the 
wheels be. inclined to each other on the ground, Fig. ;. 
AE and BF are, and the machine be loaded 

» before, from C to C, the line of direction 

CD falls without the wheel B E, and the whole 
machine tumbles over. When it is loaded with 

vy goods (ſuch as lead or iron) which lie low, Fig. 4. 
& may travel ſafely upon an oblique road fo long 

the center of gravity is at C, and the line of di- 
Won Cd falls within the wheels; but if it be 

ed high with lighter goods (ſuch as wool- 
27 C to L,the center of gravity is raĩſed Fig. 6. 


to &, which throws the line of direction 
N without the loweſt edge of the wheel B F, 


ad then the load overſets the w 

If there be ſome advantage Fm finall fore- 
on account of the carriage turning more 
and ſhort than it can be made to do when 
are large; there is at leaſt as great a diſad · 
mitage attending them, which 1s, that as their 
. below the level of the horſes brraſts, the | 
mes not only. have the loaded carriage to 4 
along, but alſo 1 of its weight to bear; | 
mich tires them ſooner, and makes them 
much ſtiffer in their hams, than they 
Wuld be if they drew on a level with the fore · 
We And for this reaſon, wo lind coach * 
7 N ; oon ; 
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Plate IX, 
Fig. 1, 2. 


The pile- 


engine, 


Of. rhe Pile: Engine. 
foon become unfit for riding. So that on all ac. 
counts it is plain, that the fore- wheels of all car. 
riages ought to be ſo high, as to have their axles 
even with the brraſt of the horſes ; Which would 
not only give the horſes a fair draught, but like 
wiſe cauſe the machine to be drawmby a lef de 
gree of power. | 2 40 * 

We ſhall conclude this lecture with a:deſcrip- 
tion of Mr. YVawuloues curious engine, which was 
made uſe of for driving the piles of Weſtminſter. 
bridge: and the reader may caſt bis eyts upon 
the firſt and ſecond figures of the plate, in which 
the ſame letters of reference, are annexed to the 
ſame parts, in order to explain thoſe in the ſe- 
cond, which are either partly or wholly hid in 
the firſt. 41 15 Ls "oF 
A is the great upright ſhaft or axle, on Which 
are the great wheel and drum C, turned b) 
horſes joined to the bars S, S. The wheel turns 
the tru:dle A, on the top of whole axis is the 
fly O, which ſerves · to regulate the motion, and 
alſo to act againit the horſes, and keep them 
from falling when the heavy ram & is diſcharged 
to drive the pile P down into the mud in the 
bottom of the river. The drum C is looſe upon 
the ſhaft 4, but is locked to the wheel ÞB by the 
bolt 7. On this drum the great rope HH 1 


wound ; one end of the rope being fixed to the 


drum, and the other to the follower G, to which 
it is coaveyed over the pulleys I and X. In the 


- follower C is contained the tongs F (fee Fig. 


3.) that takes hold of the ram 2 by the ſtaple A 

tor drawing it up. D is a ſpiral or fuſy fx: t0 

the drum, on which is wound the ſmall rope 7 

that goes over the pulley U, under the pulley I. 

and is faſtened to the top of the frame at 7. I 

the pulley-block is hung the counterpoiſe/f 
| WhI 
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as WY hich hinders the follower from accelerating as 


1. i goes down to take hold of the ram: for, as 
de the follower tends to acquire velocity in its de- 
uid ſcent, the line T winds downwards upon the 
fuſy, on a larger and larger radius; by: which 
means the counterpoiſe ¶ acts rand 


down with only a moderate and uniform velo- 
city. Ihe bolt 7 looks the drum tothe great 


er. wheel, being puſhed upward *by the ſmall lever 
00 Bl :, which goes through a.cmortiſe- in the ſhaft: 4, 
= turns upon a pin in the bar 3 fixt to the great 


wheel B, and has a weight 4, which always tends 
to puſh! up the bolt 7. through the wheel into 
the drum. L is the great lever turning on the 
axis n, and reſting upon the forcing bar 8, 5. 


ich i vhich goes down through = hollow in the ſhaft 
/ and bears upon the little lever 2 
mY By the horſes going round, the great rope H 
nd s wound about the 6, and the ram & is 

drawn up by the tongs Fin the follower G, until 
— the tongs comes between the inclined: planes E; 
e which, by ſhutting the tongs at the top, opens ĩt 
x the foot, and dif the ram, which falls 
doe enn between the guides 4.6 upon the pile P, 
* nd drives it by a few ſtrokes as far into the mud 
he t can go; after which, the top- part is ſawed 
dich off cloſe to the mud, by an engine for chat pur- 
"the pole. Immediately after the ram is diſcharged, 
Fig, the piece 6. upon the follower G takes hold of the 
1 WEL which raiſe the end of the lever L, and 
1 auſe its end N to deſcend and preſs down the 
＋ forcing bar 5 upon the little lever 2, which by 
WH, pulling down the bolt T, unlocks the drum C 
"To tom the great wheel B; and then, the follower, 
V. being at liberty, comes down by its own” weight 
bich the ram ; and the lower ends of the tongs Hp 


H over 


tronger againſt it; and ſo allows it to come 
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to the drum, 


upon the ſpiral fuſy D. 


the view. which the print gives. 


Of the Pile-Engina, * 4 
over the ſtaple R and the w he of «hall 
2 them to pe outward, wp 
it. Then the ru fe 4 puſhes up the bok Tith 
locks it to the great wheel | 
and fo the ram is drawn up as before. | 
As the follower comes down, it cali 
drum to turn backward, and -unwinds the 
from it, whilſt the. horſes, great wheel; rank 
and fly, go on with an unint 
and as the drum is turning backward, ein 
terpoiſe M is drawn up, and its rape DO 


There are ſeveral. holes in the under file 
the drum, and the bolt Y always takes Wan 
one that it finds when the drum'ſtops by 
ling of the follower upon the rams until 
ſtoppage, the bolt has not time to * . 
of the holes. 

This engine was placed upon a bange on the 
water, and ſo was eaſily con to any 
deſired. I never had the fortune 
but drew this figure from a model if — 


from a print of it 3 being not quite 7 
been 


told that the ram was a ton and that ib 
8 between which it was dr] öW6 
all down, were go feet high. Ta 
great wheel may have had 100 and the 
trundle 10 ſtaves or rounds; fo* — 
We make Wann one of N 
nee 5 ute 12,0 
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A fic : body that Fields es the teat & pref: A defini» 


fure or difference of preſſures. Its particles are . 
þ exceedingly ſmall, that they cannot be diſ-— 


temed by the beſt of © microſcopes ; they are 
ard, fince no fluid except air or ſteem, can be 
preſſed into leſs ſpace than it naturally poſſefſes; 
d they are round and ſmooth, ſince * 
eably moved among one another. 

All bodies, both fluid and ſolid, preſs down- 
dds by the force of gravity : but fluids have 
lis wonderful pro ry, that their preſſure up- 
wards and Bil is equal to their preſſure 
unwards; ren this is always in proportion to 
ber perpendicular height, without any regard 
their quantity: for, as each particle is quite 
dee to move, it will move towards that part or 
Weon which the preffiire is leaſt. And hence, no 
panicle or quantity of a fluid can be at reft, till 


Kievery way equally preſſed. 
To ſhew by ex we Nike that fluids pres 


up- Plate x. 


wund as well as See AB be a long Fig. 1. 


t tube filled with 


ter near to its top; Fluids 


Dea ſmall tube open at both ends, <4 — | 


bet fc the mes ta arg one: if the ® 


Wie great one, or until the ſurfaces of the 
H 32 water 


uch ups | 
— 
Unerfion be quick, you will ſee the water riſe | — 


the ſcnall robs ro the ſame height that it ſtands watd- 


trary to its natural gravity; unleſs the Jiamerer 


ver happen, if the tube be as wide-as that in 


s preſſed by the weight, of all that ſtands 7 


water in both are on the ſame level: which they 
that the water is preſſed upward into the 
ſmall tube by the weight of what is in the great 
one; otherwiſe it could never riſe therein, con- 


of the bore were ſo ſmall, that the attraftion of 
the tube would raiſe the water; which will ne⸗ 


common barometer. And, as the water riſes no 
higher in the ſmall tube than till its ſurface be 
on a level with the ſurface. of the water in the 
great one, this ſhews that the preſſure: is not in 
proportion to the quantity of water in the great | 
tube, but in proportion, to its perpendicular 
height therein: for there is much more water 
in the great tube all around the ſmall one, than 
what 1s raiſed to the ſame height in the ſmall one, 
as it ſtands in the great. F. * 

Take out the ſmall; tube, and let the water 
run out of it; then it will be filled wich air 
Stop its upper end with the cork. C, and it will BY un 
be full of air all below the cork : this done, Wi © 0! 
plunge it again to the bottom of the water in the 
great tube, and you will fre the water riſe up in 
It to the height E; which ſhews that the air 154 
body, otherwiſe it could not hinder the water 
from riſing up to the ſame. height as it did be- 
fore, namely, to 4; and in fo doing, it drove 
the air out at the top; but now the air is con- 
fined by the cork C: and it alſo, ſhews that the 
air is a compreſſible body, for if it were not © 
a drop of water could not enter into the tube. 
The preſſure of fluids being equal in all d- 
rections, it follows that the ſides of a yelieLare a 
much preſſed by a fluid in it, all around in f 
given ring of points, as the fluid below that ring 
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M. Hence the preſſure u on every point in the g 
the BY (des, immediately above the bottom, is equal to 
ear Wl tbe preſſure upon every point of the bottom. To 
on. WI ſev this by experiment, let a hole be made at Fi 
ner E in the ſide of the tube A cloſe by the bot. 
om; and another hole of the ſame ſize in ihe. 
bottom at C; then pour Water into the tube, 
n a WY keeping it full as Jong as you*choole the, holes 
could run, and have two baſons ready to receive 
\ be de water that runs through the two holes, until 
the you think, there is enough in each baſon; and 
tin jou will find by meaſuring the quantities, that * 
eat WY they are equal; which ſhews that the water run 
ala WY with equal ſpeed through both holes: which. it 
ater WY could not have done, if it had not been equally. 
han WY preſſed through them both. For, if a hole of 
ne, de fame ſize be made in the fide of the tube, as 
about 7, and if all three are permitted to run to- 
ater WI gether, you will find tha the quantity ron 
air, WY through the hole at f is much leſs than what bas 
will in the fame time through either of the holes 
one, or e. DN NN ae REES 
la the ſame figure, let the tube be re-curved = 
p in from the bottom at C into the ſhape D E, and the 
doe at C be ſtopt with a cork. Then, pour 
rater I vater into the tube to any height, as Ag, and it 
be-· vill ſpout up in a jet E FG, nearly as high as it 
woe kept in the tube AB, by continuing to pour 
con- in as much there as runs through the hole E; 
the ich will be the caſe whilft the ſurface Ag keeps 
tr the fame height. And if a little ball of cork 
e. G be laid upon the top of the jet, it will be ſup- 
ported thereby, and dance upon it. The reaſon 
why the jet riſes not quite ſo high as the ſurface 
of the water Ag, is owing to the reſiſtance it meets 
mh in the open air: for, if a tube either great 
or ſmall, was ſcrewed upon the pipe at E, the 
H 3 water 
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The by- 
drrftatic 
paradox. 


Fig. 3. 


water would riſe in it until the ſurfaces of the 
water in both tubes were on the ſame level; 
will de ſhewn by the next experiment. 
Any quantity of a fluid, how ſmall ſpever, 
may be made to balance and ſupport, any quan- 
tity, how great ſoever. This is deſerved 
tetmed the bydroſtatical paradox, which, we ſhall 
firſt ſhew by an experiment, and then account for 


jt upon the principle above-mentioned, namely, 
that eps ure of fluids is gireftly as i beir perpes- 
dicular height, without any regard to their quantity, 
Let aſmall glaſs tube D C G, open at both en 
and bended at E, be joined; to the end of a great 
one AT at cd, where the great one is alſo open; 
ſo that theſe tubes in their openings may freely 
communicate with each. other. Then pour wa: 
ter through a ſmall necked funnel into the ſmall 
tube at H; this water will run through the join- 
ing of the tubes at cd, and riſe up into the great 
tube; and if you continue pouring until the ſur- 
face of the water comes to any part, as , in the 
great tube, and then leave off, you will fee. that 
the ſurface of the water in the ſmall tube will be 
Juſt as high, at D; ſo that the perpendicular 
altitude of the water will be the Fins in both 
tubes, however ſmall the one be in 4 * 
the other. This ſhews, that the l column 
D CG balances and ſupports the great. column 
Acd; which it could not do if their preſſures 
were not equal againſt one another in the te- 
curved bottom at 5. lf the ſmall tube be made 
longer, and inclined in the ſituation C F, the 
ſurface of the water in it will ſtand at E, on the 
ſame level with the ſurface A in the great tube: 
that is, the water will have the ſame perpendicular 
height in both tubes, although the column in the 


{mall tube is longer than that in the greatone: 
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bs the un being oblique, and the latter per- 
ar, * > * © 844" 44 

, — then the preſſure of fluids is directly as 
their perpendicular heights, without any regard 


to their quantities, it appears that whatever the 
figure or ſize of veſſels. be, if they are af equal 
heights, and — — — 
ual, the preſſures of equal heights of water are 
ad upon the bottoms of theſe - veſſels; even 
though the one ſhould hold a thouſand-or ten 
thouland times as much water as would fill the 
other. To confirm this part of the hydroſtatical pig. ,, f. 
paradox 3 experiment, — two veſſels be 
ared qual heights, very — 
— — Az in Fig. 4, and AB in Fig. 
3. Let each veſſel be open at both ends, and 
their bottoms D d, D be of equal widths. Let 
a braſs bottom CC be exactly fitted to each veſ+ 
ſe], not to go into it, but for it to ſtand upon; 
and let a piece of wet leather be put between 
each veſſel and its braſs bottom, for the ſake of 
cloſeneſs. Join each bottom to its veſſel by a 
hinge D, ſo that it may open like the lid of a 
box; and let each bottom be kept up to its 
veſſel by equal weights E and E hung to lines 
which go over the pulleys F and F (whoſe blocks 
are fixed to the ſides of the veſſels at /) and the 
— — fixed in * 1 
toms oppoſite to the hinges: D and D. 
being thus prepared and fitted, hold the 
4B (Fig. 5.) upright in your hands over a-baſon 
on a table, and cauſe water to be poured into the 
veſſel lowly, till the preſſure of the water bears 
down its bottom at the fide d, and raiſes the 
veight”E; and then of the water will run 
out at d. Mark the height at which the ſurface | 
1 of the water ſtood in the veſſel, when the bot- | 
| tom 0 | 
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Of Hydrapatics. 
tom began to give way at 4; and-theny 
up the other veſſel AB (Fig. 4.) —— 


manner, cauſe water to be poured ãnto it at H; 


and you will ſee that when the water riſs to A in 
this veſſel, juſt as high as it did in the former, in 


bottom will alſo give way at a, and; ĩt will loſe 


2 — of the water 41) it GO@ Jah 

The natural reaſon. of this Satprifentinhes 
menon is, that ſince all parts of a fluid at any 
depths” below the ſurface are equally p 
all manner of directions, the water immediately 
below the fixed part B (Fig. 4.) will be — 
as much upward againſt its lower ſurface within 
the veſſel, by the action of the column Ag, as it 
would be by a column of the. ſame height; and 
of any diameter whatever-z (as. was evident by 
the experiment with the tube, Fig. g.) and there. 
fore, ſince action and reaction are equal and 
contrary to each other, the water immediately 
below the ſurface Bf will be preſſed as much 
downward by it, as it it was immediately touch. 
ed and preſſed by à column of.;the height g 4, 
and of the diameter BF: *and\theretore; the 
water in the cavity 5 Daf will be preſſed as 
much downward u its bottom CC as the 
bottom of the other veſſel (Fig. 3.) iö e by 
all the water above it 

To illuſtrate this a little farther, let n hole be 
made at F in the fixed wp Bo and let a tube © 
be put into it; then, if water be poured into the 
tube 4, it will (after filing the cavity. d) fit 
up into the tube G, until it comes to a level with 
that in the tube 4; which is manifeſtly owing to 
the preſſure of the water in the tube 4, upon 
that in the cavity of the veſſel below it. Con- 
ſequently, that part of the top Aff, in which the 
hole is now made, vould, if corked up, be 

| j | preſſcd 
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Of Hydroſtatics. 
upward with a force equal to the weight 

of all the water which is ſupported in the tube G: 

and the ſame; thing would hold at g, if a hole 

were made there. And ſo if the whole cover 

top BF were full of holes, and had tubes as high 

; the middle one 2 the water in 

each tube would riſe to the ſame height as it is 

kept into the tube 4, by pouring more into it, 

to make up the deficiency that it ſuſtains by ſup· 

plying the others, until they are all full: and 

then the water in the tube J would ſupport 

equal heights of water in all the teſt of the tubes. | 

Or, if all the tubes; except A, or any other one, | 

were taken away, and a large tube equal in dia- 

meter to the whole top BF. were placed upon it. 

ind cemented to it, and then if water were 

poured into the tube that was left in either of 

the holes, it would aſcend through all the reſt of 

the holes, until it filled the large tube to the 

lame height that it ſtands in the ſmall one, after 

a ſufficient quantity had been poured into it: 

which ſhews, that the top Bf was preſſed 

upward by the water — it, and before 

ny hole was made in it, with a force equal 

0 that where with it is now preſſed down- 

ard by the weight of all the water above it in 

e great tube. And therefore, the reaction of 

ie tixed top B f muſt be as great, in preſſing the 

ater downward upon the bottom CC, as the 

ole preſſure of the water in the great tube | 
ould have been, if the top had been taken 71 | 

Way, and the water in that tube left to I 

rectly upon the water in the cavity B DA. 
—— the oy: machine in * for... 6 

emonſtrati upward preſſure of fluids; is . . 
de tydroſtag; ar A, au conſiſts of two "4.4 
ick oval boards, each about 16 inches — 

418 inches long, covered. with leather, to. 

open 


een 
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full, until the weights are raiſed as high as the 


Of Hydroftatics. 
open and ſhut like a common bellows, but with 
out valves; only à pipe B, about three feet 
high, is fixed into the bellows at e. Let fone 
water be into the pipe at c, which vil 
run into — — ets parate the boards 4 
little. Then lay weights 5, c, d, eachiweigh 
ing 100 pounds, upon kf upper board; ad 
pour more water into the pipe g;, which will un Wh. 
into the bellows, and raiſe up the board uith il 
the weights upon it; and if the pipe be kept 


leather which covers the bellows will allow them, 
the water will remain in the pipe, and ſupport 
all the weights, even though it ſhould: weigh 10 
more than a quarter of a pound, and they 300 
pounds: nor will all their force be able to caue ic 
them to deſcend and force the water out at the It u. 
top of the pipe. Den Nr 
The reaſon of this will be made evident, by 
conſidering what has been already ſaid of the 
reſult of the preſſure of fluids of equal beigbu N uid 
without any regard to their quantity. For, its Vite. 
hole be made in the upper board, and a tube be 
put into it, the water will rife in the tube 80 the 
ſame height that it does in the pipe ; and wou 
riſe as high (by ſupplying the pipe) in as many oer 
tubes as the board could contain holes. Now, or it 
ſuppoſe only one hole to be made in any 98 of 
the board, of an equal diameter with the bore df 
the pipe B; and that the pipe holds juſt a qua- ¶ Neid e 
ter of a pound of water; if a perſon claps hu Z 
finger upon the hole, and the pipe be filled vii 
water, he will find his finger to he preſſed up- Ma th 
ward with a force equal to a quarter of a 
And as the ſame preſſure is equal upon 
parts of the board, each part, whoſe area is equi 
to the area of the hole, will be preſſed upward vid 
2 force equal to that of a quarter of a pound 
5 , Y 


* 
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:.m of all which preſſures agninſt the under ide 
{an oval board 16 inches broad; and-18 inches 
will amount to 300 pounds; and therefore 


* 
t 
ne 
nll 


omuch weight will be raiſed up and i N 
by a quarter of a pound of water in the pipe. 

Hence, if a man ſtands upon the upper How a 
ud blows into the bellows through the pipe B. ma may 
he will raiſe himſelf upward upon the board t gf un. 
and the ſmaller the bore of the pipe is, the eaſier ward ; 
e will be 2 to raiſe n * then, — 
lapping his finger upon top pipe, 
—— himſelf as long as he pleaſes ; | 
ded the bellows' be air- tight, ſo as nat to 
bat is blown into it. 1, n n 
This figure, I confeſs, ought to have 
much larger than any other upon the plate; but 
it was not thought of, until all the reſt were 
irawn: and it could not ſo properly come into 
a wn © | bs by 

Upon this principle of the upward pteſſure of g lead 
Buids, a piece of lead may be made to ſwim in may be 
ater, by immerſing it 40 a- proper depth, and made to 
keeping the water from getting above it. Let Cin, * 
U be a glaſs tube, open at both ends, and 
Fa flat piece of lead, exactly fitted to the Fig. 7. 


wer end of the tube, not to go within it, but 
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id cloſe to the tube by pulling the pack thread 
HL u ward at L with one d, whilſt the 
be is held in the other by the r end &. 
we in the gag yell 75, a the kh of in 
ater 1n t AB, to 
ches below the ſurface of che water at K and 
the leaden bottom E FG will be plunged 
"the depth of ſomewhat more than eleven times 
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its on thickneſs: hold 


Of Hydhoftatics.” 
ing the tube at "that 

depth, you may let go — thread at L; and 
the lead will not fall from the tube; but will be 
4 to it by the upward preffure of the wet 
below it occaſioned by the height of rhe"watet x 


K above the level of the lead For as lead is 


How light 


in this experiment immerſed to 4 

what more than 12.33 times its thi 

n ing into the rube between it and 
r 


14.33 times as heavy as its bulk of water, and i 
h ſome. 


heſs, and 


—— 8 
* — 


the lead, 
lead is preſſed 

XD EGL all yoke ich rar 
being a little more than 11. 7 3 Wing as high a 
the lead is thick, is ſufficient to balance and ſup- 
port the lead at the depth K E. HMH little water 
be poured into tha tube upon the ſead, it vil 
increaſe the weight upon the column of water 
under the lead, and cauſe the lead to fill from the 


tube to the bottom of the "glaſs veſſel, where it 
willelie in the ſituation #4. | Or, if the tube be 


raiſed a little in the water, the lead will fall by its 
own weight, which will then be too great for the 
preſſure of the water around the tube upon the 
column of water below it. 

Let two pieces of wood be plained quite flat, fo 


wood may às no water may get in between'them 1 


be made are put together: let one of the pieces, 88 


to lie at 
the bot- 
tom of 
water. 


be cemented to the bottom of the veſſel 4 
(Fig. 7.) and the other piece be laid flat r 
upon it, and held — to it "YT a ſtick, whillt 
water is poured into the veſſel ; then remote 
the ſtick, and the upper piece of wood will n 
riſe from the lower one : or, as the u one i 
preſſed down both by its owh Wei 


weight of all the water over it, whilſt the con 


N of the water is kept of by 


wood under it, it will lie as ſtill as à ſtone wanld 
do in its place. But if ĩt be raiſed, ever ſoditdle 
at any edge, ſome water will then get under — 
' which being ated upon by the water above, wi 
immediately preſs it upwartl 4 and as it is lighter 
than its bulk of water, it will riſe, and float upon 
the ſurface of the water. e il ti Mn Harn 
All fluids weigh juſt. as much in their -own 
element as they do in open air. To prove 
this by experiment, let as much ſhot be put into 
a phial, as, hen corked, will make it fink in 
water: and being thus charged, let it be 
weighed, firſt in ait, and then in water, and 
the weights in both caſes wrote down. Then, 
as the phial hangs ſuſpended in water, and 
counterpoiled, — cork, that water may 
run into it, and it will deſcend, and pull-down 
that end of the beam. This done, put as much 
weight into the oppoſite ſcale as will reſtore the -. . 
equipoiſe z which weight will be found to anſwer 
exactly to the additional weight of the phil 
when it is again weighed in air, with the water 
In It. 15 udn $1 Jo Sil ad ib TIEN. 
The velocity with which water ſpouts out at a Th, ©... 
hole in the ſide or bottom of a — is as the N 


1 


4 * 


SETI 


5 * quare root of the depth or diſtance of the ſpouting 
11 hole below the ſurface of the water. For, ain waters 

b order to make double the quantity of a fluid ” 
5 run through one hole as through another of the 


lame ſize, it will require four times the preſſure 
of the other, and therefore muſt be four times 
the depth of the other below the ſurface of the 
vater: and for the {ame reaſon, chree times the +; 
quantity running in an equal time through the | 
* The ſquare root of apy number is that which; b 
multiplied by itſelf produces the ſaid number. Thus, 248 
tie ſquare root af 4, and z..the Gays coet of 95. the. 
„ . by Fee d ad" ltiplied by 3 produce 
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ſame ſort of hole, muft run with three time 

the velocity, which will require nine times the 

ure; and conſequently muſt be nine tima 
as deep below the ſurface of the fluid: and 
on. To prove this — an oe gm. ler wm 

je. 8, Pipes, as C and g, of equal bores, be 

nba fixed into the fide of the veſſel 4 By the pipe 
g being four times as below the ſurface of 
the water at þ in the veſſel as the pipe C is: and 
whilſt theſe pipes run, let water he conſtant 
poured into the veſſel, to keep the ſurſace fil 
at the ſame height. Then, if a cup that hold 
a pint be ſo placed as to receive the water thit 
ſpouts from the pipe C, and at the ſame moment 
a cup that holds a quart be ſo placed as to receme 
the water that ſpouts from the pipes, both cu 
will be filled at the ſame time by their reſpec 


tive pipes. a 
The hori- The horizontal diſtance, to which-a fluid wil 
zonual di- ſpout from a horizontal pipe, in any part of the 
tance ao Ade of an upright veſſel below the ſurface of the 
ter will fluid, is equal to twice the length of 'a perpets 
out dicular to the ſide of the veſſel, drawn from the 
rom mouth of the pipe to a ſemicircle'deſcribed'upon 
the altitude of the fluid : | 
fluid will ſpout to the greateſt diſtance poſlibt 
pipe, whoſe mouth is at the center d 
the ſemicircle; becauſe a icular to ts 
diameter (ſuppoſed parallel to the ſide of the 
veſſel) drawn from that point, is the longeſt tha 
can poſſibly be drawn from part of 
diameter to the circumference of the ſem 
Fig. 8. Thus, if the veſſel 4 B be full of water 
| horizontal pipe D be in the middle of ita 
and the ſemicircle Ne de be deſcribed upon V 
De N. or D/6, the perpendicular Dd f 
Dg N. or Df, the perpendicular Dd @ 
diameter ND þ is the longeſt that can be dum 


E 
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om any part of the diameter to the circumfe- 
ce Ned e b. 1 full, 
e jet G will ſpout from the pipe D, to the 
—— diſtance N M, which is double the 
gth of the perpendicular Dg. - If two other 
pes, as C and E, be fixed into the ſide of the 
eſſel at _ diſtances above and below the 
pe D, the perpendiculars Cc and E e, from 
pes to the ſemicircle, will be equal ; and 
e jets F and i ſpouting from them will each 
o to the horizontal diſtance NX; which is 
ule the length of cither of the equal perpen- 
liculars Cc or Did. © 37 


— 


— and vallies in bended pipes, to any ter may 
ot greater than the level ot the ſp 2 from ve eo 
thence they flow. But when they are * 4 


o be raiſed higher than the ry. a forcing and val- 
gines muſt be uſed z which ſhall be leys. 
hen we come to treat of a. 

A Hpbon, generally uſed for decantin li- 
quors, is a bended pipe, whoſe: legs are — 
qual lengths; and the ſhorteſt leg muſt always 
e put into the liquor intended ta be decanted, 
at the perpendicular altitude of the calumn of 
— the other leg may be Pann mg the 


* — 


olumn in the immerſed leg, eſpecially above 
he ſurface of the water. For, 1 . 
ere equally high in that the atmoſ- 


as downs 


which preſſes aa much 


t the column in the leg that hangs without 
veſſel, as it acts downward upon the ſur- 


e of che uor in the veſſel, would hinder 

te running of the liquor through the ſyphon, 

| — it were brought over the pended 
* 7 


80 that thore is nothing left to 
cauſe 
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Fluids by their preſſure may be conveyedover How wa- 


d, and therefore acts as much upward 6 


112 


which is level with the furface of the watt 


the ſuction ceaſed; becauſe the air woulbans 
much upward againſt the water at»; aan 
downward for it by preſſing on the (furl 

Bur if the leg 4 B:comes down toꝗ 


immediately follow, and continue thn 
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cauſe the motion of'the liquor, but the f 
weight of the column, in the longer No 
—_— of its having the yore Peg 4 

[1 ka 
et D be a cup filled with water te. | 
ABC a ſyphon, whoſe ſhorter leg SC: 
merſed in the water from C to F. «If aha 
the other leg were no lower than the 


fyphon would not run, even though wes 
ſhould be drawn out of it at the mou 
although the ſuction would draw ſome 
firſt, yet the water would ſtop at 


air be drawn out at G by ſuftion; — 


the ſurface of the water in the cup π 
to F; becauſe, till then, the Perrranuf 
height of the column B AG will be 
that of the column CB; and conſequently 4 
weight will be greater, until them 
down to F; and then the iy will 
though the leg CF ſhould reach to che 
of the cup. For which reaſon, hens 
hangs ie the cup is awmn¹ne 
enough to reach below the level of 
as from d to . and then, when the ſyphanl 

emptied of air ir by ſoction at E, the warren 
mediately follows,” and by its continuity f 


away the whole from the juſt as 
one end of a thread will wa the nice of 
follow. | oh 1.3 *3 „ 


If the * def ae 
che ee che water cok beaded vga 


| = 


iY 


2 2 


- — — — 
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be more tun 33 feet,” it will drad no water, 
22 N. che- other leg were much longer, 
ad the ſyphOom quite eck of air becauſe 
aue 4 column af water 33 feet high 

1s 1 @ the weight of as thick a column of 
os; reaching from the ſarfice of che earth ito 


then be an equilibrium” and conſt equently, 

there would be weight enough ef air 

pos the furface C to make the water aſcend in 

the leg C'B/alihott to the height B, if the = 

phon were emptied/ of air, yet the weight won 

ut be ſufficiont to — the water over the 

bend; * therefore, an ror ney be brought 

Let z hole de made quite eee the bottom pi 

de cup A, and the 

phon DE & be cemented into the hole, ſo cy 

hat the end D of the ſhorter leg DE may al- 

moſt” touch the bottom of the cup within. 

Then, if water be poured into this cup, it will 

hk in the ſhorter leg by its upward preſſure, 

extruding the air all the way before it through 

ſhe longer leg: and when the cup is filled above 

de bend of the ſyphon at F, the preſſure of 

the water in the cup will force it over the bend 

— hon ; and it will deſcend in the longer 

Land run through the bottom, vacil 

| vary emptied. #7 

This is' generally called 7 antales's cup, and 

be legs of the ſyphon in it are almoſt cloſe to- 

Fer; and a little hollow ſtatue, or figure of 

1 is ſometimes put over the ſyphon to con- 

; the bend E being within the neck of 

fire as high as the chin. So that poor 

ly Tentalus ſtands up to the chin in water, 

Wang it will riſe 4 little higher, and he 
[ may 


S . atmoſphere; ſo that there ill =, | 


leg ef the bended 7avralsr's 
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may drink; but inſtead of that, when the water 


comes up to his chin, it immediately begins to 
deſcend, and ſo, as he cannot ſtoop to follow p 
ir, he is left as much pained with thirſt « Wl. 
| Ever. | ww FIG C3. O! 
The foun. -. 
ain ot acts upon the ſame principle with the ſyphon is 
5 the cup. Let two veſſels A and B be joi a 
Fig. 1. together by the pipe C which i 0 
both. Let A be open at top, 8 cloſe both at Wl + 
top and bottom (ſave only a ſmall hole at þ o WY. 
let the air get out of the veſſel B) and 4 be of WM: 


ſuch a ſize, as to hold about. fix- times as much C, 
water as B. Let aſyphon D EF be ſoldered to 8 \v 
the veſſel D, ſo that the part DEe may be 
within the veſſel, and F without it; the end D 
almoſt touching the bottom of the veſſel, and 
the end F below the level of D;: the veſſel B 
hanging to A by the pipe C (ſoldered into both) 
up 


and the whole ſupported by the pillars G and H 1 

upon the ſtand Z. The bore of the pipe mult dn. 

be conſiderably leſs than the bore: of the /- pre. 

hon. 9 . R354 # Open 

The whole being thus conſtrued, let he db. 

7 veſſel 4 be filled with water, which will ru Hue p 
: through the pipe C, and fill the veſſel B. When nb 
B is filled above the top of the ſyphon at E, the nd 

water will run through the ſyphon, and be dit He 

charged at F. But as the bore of the . Or pu 

is larger than the bore of the pipe, the fyp . 

will run faſter than the pipe, and will ſoonfu - 

empty the veſſel B; upon which the water wil rode! 

ceaſe from running through the ſyphon at Id a 

until the pipe C-re-fills the veſſel I, and then , 11, 

will begin to run as before. And thus the . va 

phon will continue to run and ſtop alternate!)ri: at 

00 t! 


until all the water in the veſſel 4 has ru 
| | throug 
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through the pipe C.—S0 that after a few trials, 

one may eaſily gueſs about what time the ſy- 

phon will ſtop, and when it Will begin to run; 

and then, to amuſe others, he may call out tp, 

or run, accordingly, ( 

Upon this principle, we may eaſily account Jatermir- 
for intermitting or reciprocating ſprings. Let ting 
4A be part of a hill, within which there is a?" 
cavity BB; and from this cavity a vein or Fig, 2. 
channel running in the direction BGD E. T 
rain that falls upon the | ſide of the hill will fin 
and train through the ſmall pores and cranies' 

C, G, GC, G; and: fill the cavity with water X. 
When the water riſes to the level HHC, the 
vin BCDE will be filled to C, and the water 
| vill run through CDF as through a ſyphon 

which running will continue until the cavity be 
emptied, and then it will ſtop until the cavity 
be filled again. ws het | 

The common ſucking pump, with which we The com- 
draw water out of wells, is an engine both =o» pump. 
pneumatic and hydraulic. It conſiſts of a pipe 
open at both ends, in which is a moveable pi- 
ton, bucket, or ſucker, as big as the bore of 
lhe pipe in that part wherein it works; and is 
enhered round, fo as to fit the bore exactly; 
nd may be moved up and down, without ſuf- 
lung any air to come between it and the p po 
r pump barrel. | | 

We ſhall explain the conſtruction both of 
lis and the forcing-pump by pictures of glaſs 
models in which, both the action of the piſtons 
ad motion of the valves are ſeen. 

Hold the model D CB L upright in the veſſel Fig. 3. 
@ water K, the water being deep enough to 
ile at leaſt as high as from A to I. The valve 
oa the moveable bucket G, and the valve 6 
I 2 on 


= EEE. 


Srs ss 


and 
] B 
oth) 
d H 
nuſt 
f- 
be 
run 
Then 
, the 
+ dif 
— 
ſoon 


* 


176 


holes the more exactly: and the bucket Ci 


defore the working begins. 


ward air upon the water in the veſſel X: and 
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on the fixed box H, (which box quite fills the 
bore of the pipe or barrel at H) will each le 
cloſe, by its own weight, upon the hole in the 
bucket and box, until the engine begins t 
work. The valves are made of braſs, and 
covered underneath with leather for cloſing the 


raiſed and depreſſed alternately by the hatidle Z 
and rod D d, the bucket being ſuppoſed at } 


Take hold of the handle E, and thereby 
draw up the bucket from B to C, which wil 
make room for the air in the pump all the v 
below the bucket to dilate 12 by which it 
ſpring is weakened, and then its force is not 
equivalent to the weight or preſſure” of the out 


therefore, at the firſt ſtroke, the ourward a 
will preſs up the water through the notchel 
foot A, into the lower pipe, about as far as 1 
this will condenſe the rarefied air in the pipe 
between e and C to the ſame ſtate it was in be 
fore; and then, as its ſpring within the pft 
is equal to the force or preſſure of the outwa 
air, the water will riſe no higher by the eine 
ſtroke; and the valve 3, which was raiſed i > | 
little by the dilation of the air in the pipe, vl 
fall, and ſtop the hole in the box H; and ti 
ſurface of the water will ſtand at e. Th 
depreſs the piſton or bucker from C to , an 
as the air in the part B cannot get back auß 
through the valve 5, it will (as the bucket 08” tt 
ſcends) raiſe the valve a, and ſo make ns lepref 
through the upper part of the barrel d into oyſore 
open air. Bur upon raiſing the bucket GK 
cond time, the air between it and the water 
the lower pipe at @ will be again left at iber pum 
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fll a larger ſpace; and ſo its ſpring being again 
weakened, the preſſure of the outward air on, 
the water in the veſſel K will force more water 
up into the lower pipe from e to; and when 


valve b will fall, and ſtop the hole in the box 
a before. At the next ſtroke of the, bucket 
or piſton, the water will riſe through the box 
H towards B, and then the valve , which was 


is greateſt height. Upon depreſſing the bucket 
gun, the water cannot be puſhed back through 
the valve , which keeps cloſe upon the hole 
whilſt the piſton deſcends, And upon railing 
ie piſton again, the outward preſſure of the air 
jill force the water up through H, where it will 
raiſe the valve, and follow the bucket to 
Upon the next depreſſion of the bucket 
„it will go down into the water in the barrel 
}; and as the water cannot be driven back 
through the now cloſe valve 5, it will raiſe the 
alve a as the bucket deſcends, and will be 
ited up by the bucket when it is next raiſed. 
And now, the whole ſpace below the bucket 
being full, the water above it cannot fink when 
is next depreſſed; but upon its depreſſion, 
te valve @ will riſe to let the bucket go down. 
ud when it is quite down, the valve @ will fall 
its weight, and ſtop. the hole in the bucket. 
Vhen the bucket is next raiſed, all the water 
above it will be lifted up, and begin to run off 
by the pipe F. And thus, by raifing and 
preſſing the bucket alternately, there is ſtill 
ore water raiſed by it; which getting above 
i: pipe F, into the wide top I, will ſupply 
. ripe, and make it run with a continued 
tam. 


to U 
Jak 
ater 


2 


the bucket is at its greateſt height C, the lower 


niled by it, will fall when the bucket G is at 


So, 
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So, at every time the bucket is raiſed, the 
valve þ riſes, and the valve a falls; and at even 
time the bucket is depreſſed, the valve $ falls 
and à riſes. r e 
As it is the ure of the air or 
which cauſes es to riſe, and follow the 
piſton or bucket G as it is drawn up; and ſine 
a column of water 33 feet high is of equa 
weight with as thick a column of the'atmol: 
phere, from the earth to the very top of the ar 
therefore, the perpendicular height of the piſton 
or bucket from the ſurface of the water 1n the 
well muſt always be leſs than 33 feet; otherwik 
the water will never get above the bucket. 
Bur, when the height is leſs, the preſſure of the 
atmoſphere will be greater than the weight of 
the water in the pump, and will therefore rail 
it above the bucket: and when the water hs 
once got above the bucket, it may be lifted 
thereby to any height, if the rod D be made 
long enough, and a ſufficient degree of ſtrength 
be employed, to raiſe it with the weight of the 
water above the bucket. ; 
The force required to work a pump, vill be 
as the height to which the water is raiſed, and 
as the ſquare of the diameter of the pump bo 
in that part where the piſton works. So that 
if two pumps be of equal heights, and one df 
them be twice as wide in the bore as the other, 
the wideſt will raiſe four times as much wate! 
as the narroweſt; and will therefore require four 
times as much ſtrength to work it. | 
The wideneſs or narrowneſs of the pump, M 
any other part beſides that in which the 
works, does not make the pump either more 
leſs difficult to work, except what differen 
may ariſe from the friftiqn of the _— * 
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bore ; which is always greater in a narrow bore 
than in a wide one, "becauſe of the greater 
velocity of the water, | 

The pump-rod. is never raiſed 
2 handle as E at the top, but by means of 3 
lever, whoſe longer arm (at the end of which 
the power is applied) generally exceeds the 
length of the ſhorter arm five or ſix times; and, 
by that means, it gives five or ſix times as much 
advantage to the power. Upon theſe principles, 
it will be eaſy to find the dimenſions of a pump 
that ſhall work with a given force, and draw 
water from any given depth. But, ag theſe 
calculations have been generally neglected by 
pump-makers (either for want of ſkill or in- 
duſtry) the following table was calculated by the 
late ingenious Mr. Booth for their benefit “, 
In this calculation, he ſuppoſed the handle of 
the pump to be a lever increaſing the power 
five times; and had often found that a man can 
work a pump four inches diameter, and 30 feet 


FA N AF F477 


4 


SEE I 


liſh wine meaſure) in a minute. Now, if it be 
required to find the diameter of a pump, that 
ſhall raiſe water with che ſame call from any 
other height above the ſurface of the well; look 
for that height in the firſt column, and over- 
againſt it in the ſecond you have the diameter or 
vidth of the pump; and.in the third, you find 
acc © quantity of water which a man of ordinary 
bur rength can diſcharge in a minute. | 


* I have taken the liberty to mike a few alterations in 
Mr. Boobs. numbers in the table, and to lengthen it out 
do feet to 100. | | 


. 


/ 


ty Tm 


directly by ſuch 


high, and diſcharge 27 gallons of water (Eng- 


119 


— 2 
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{ :1cighe of the Diameter of the Water diſcharged i 


pump above] bore where the} a minuteyEnglid 
| the ſurface of | bucket works. | wine mea. 
the well, ä | ee ig 4 
171 SS 3 [1% 66M 
| 2 8. 8 | 8 8 
| NR F 415. -2SIl 
| 13 
| 1 7 . 
| 10. 6 93 | vr... 6 
„ 6: 6 54 4 
| 20 4 90 40. 2 
1 285 4 +38 32 6 
, 39 + +00 | | 27 5 2 
1 35 3 2 230: 3 
[+ :#9, --Þ +8 4249 20...» 
E 214 1$:4:422,: {1 (en 
{ 50 | 3 .10 | 16 * 
„ en 
. 2 84 13 6 
Ea v7 oþ 23a 78 2 4 
| 70 | 2 62 . 
. 4 i 2-468 10. %% 
Le e e 
85 2 , „ee 
|: 90> a er 5 = 
| '95 2 886 N. 
| 100 | 68 n 


The ſorcing-pump raiſes water through tic 
box I in the ſame manner as the ſucking-pump 
does, when the plunger or piſton g is 
up by the rod Dg., But this plunger has no 
hole through it, to let the water in the bare 
BC get above it, when it is depreſſed to B, and 
the valye 5 (which roſe by the aſcent Ro 
\ +2 7 ; "= = 8 n water 
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7 vater through the box H when the plunger g 
R was drawn up) falls down and ſtops the hole in 
i the moment that the plunger! is railed to its 
: greateſt height. Therefore, as the water be- 
ween the plunger g and box H can neither get 
through the plunger upon its deſcent, nor back 
again into the lower part of the pump L e, but 
has a free paſſage by the cavity around H into 
the pipe M M., which 7 into the air · veſſel 
. KK at P; the water is forced through the pipe 
MM by the decent of the plunger, and driven 
into the air-veſſel; , and in running up through 
the pipe at P, it opens the valve a; which-ſhuts 
at che moment the plunger begins to be raiſed, 
becauſe the action of the water againſt the under 
lide of the valve then ceaſs. 

The water, being thus forced into the air- 
veſſel K K by repeated ſtrokes of the plunger. 
gets above the lower end of the pipe G H 1, 
and then begins to condenſe the air in the veſſel 
KK. For, as the pipe G H is fixed air-tight 
into the veſſel below F, and the air has no way 


so che pipe at 4 and cannot get out when the 
mouth J is covered with water, and is more 
and more condenſed as the water riſes upon 
the pipe, the air then begins to act forcibly by 
ts ſpring againſt the ſurface of the water at H: 
and this action drives the water up through the 
pipe 146, from whence it ſpouts in a jet $ 
o a great height; and is ſupplied by alternately 
ailing and depreſſing of the plunger g, which 
conſtantly forces the water that it raiſes through 
de valve U, along the pipe MM; into the air 
reliel K K. ads 
The higher that the ſurface of the water 77 1s 
ed in the air-yeſſel, the leſe ſpace will the 
| ar 


to get out of the veſſel but through the mouth 


I2c 


22 


or jet & will be uniform, as long as the 


„ - =, 
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air be condenſed into, which beſbig ag 
veſfel; and therefore the force of its fpring | 
water, 


be ſo much the ſtronger upon 'the 

will drive it with the greater force "through 
Pipe at F: and as the T 
tinues whilſt the plunger g is riſing the | 


of the plunger continues: and when the vile 
opens, to let the water follow the plunger 
ward, the valve 4 ſhuts, to hinder then 
which 3 is forced into the air veſſel,” from my 
back by the pipe MM into the barre "Wl 


If there was no air- veſſel to ths ng ent the 
G H I would be joined to t "ol 
pie, and then, the jet $ ul 1 
time the plunger is raiſed, and run e 
the plunger is depreſſed, 

Mr. Newſham's water- engine, for —- 
ing fire, conſiſts of two forcing- 
alternately drive water into à cloſe | 
and by forcing the water into that — 10 
air in it is thereby condenſed, and compre 
the water fo ſtrongly, —— it ruſhes out 

at impetuoſity an e through a pip 
— — Ap it; and makes a A 
uniform ſtream by the condenſation of the 
upon its ſurface in the veſſel. 

By means of forcing-pumps, water ag 
raiſed to any height above the level om 
or ſpring; and machines may be | 
to work theſe pumps, either by a manly 
ſtream, a fall of water, or 1 Any 
inſtance in each ſort will be ſufficient Wan 
the method. _ J— 
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Furt, by a running ſtream, or a fall of wa- Plate XII. 
ter. yy mga airy turned by the fall Fig · *- 


o& water BB; and have any number of cranks 
(oppoſe ſix) as C, D, E, E, G, H, on its axis, 
cording to the ſtrength of the fall of water, 
aa the height to which the water is intended to 
eraſed by the engine. As the wheel turns 


und, theſe cranks move the levers c, 4, 6 Hg. b A pump 
and down, by the iron rods Ai 0 


ich alternately raiſe and depreſs the piſtons by 
the other iron rods p, q, 7, /; t, u, w, #, % in 
twelve pumps; nine whereof, as L, M, N, O, P. 
EK. 57. appear in the plate; the other three 
being hid behind the work at T. And as pipes 
may go from” all theſe pumps, to convey the 
water (drawn up by them to a ſmall height) into 
a cloſe ciſtern, from which the main pipe 
aeds, the water will be forced into this ci 
by the deſcent of the piſtons. And as — 
„going from its ive pump into the 
| ke a valve at 70 3 the ciſtern, 
theſe valves will hinder the return of the water 
bythe pipes; and therefore, when the ciſtern 
8 once full, each piſton upon its deſcent will 
force the water (conveyed into the ciſtern by a 


former ſtroke) up the main pipe, to the 


git 00 engine was intended to raiſe 74 N 
ch height depends upon the quantity raiſed, 
and the power that turns the Theel. Wen 
the power upon the Wheel is leflened by mY 
G&fe&t of the quantity of water turning it, 

— — number of the pumps may be 
ud aſide, by diſengaging their rods from the 
— levers. oo 
bis figure is a repreſentation of the engine 
erefted at Blenbeim for the Duke of Marlborough, 
by the late ingenious Mr, Mderſea, The water- 
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| wheel is 77 feet in diameter, according t Mr, 


Szortzer's account in his Hydraulicg, +. | 


When ſuch a machine is placed in a ſtream 
that runs upon a ſmall declivity, the motion of 
the levers and action of the pumps will be bur 
ſlow; ſince the heel muſt go once round for 
each ſtroke of the pumps. But, hen there is 


large body of flow; running water, a cog or ſpur- 


A pump- 


engine io 
bone 
orſes. 


Fg. 2. 


wheel may be placed upon each ſide of the 
water - Wheel A A, upon its axis, to turn a trundle 
upon each fide z the cranks being upon the axis 
ot the trundle. And by proportioning the cog- 
wheels to the trundles, the motion of the pumps 
may be made quicker, according to the quantity 
and ſtrength of the water upon the firſt wheel; 
which may be as great as the workman pleales; 
according to the leogth and breadth of the float 
boards or wings of the wheel. In this manner, 
the engine for railing water at Londen-Briage is 
conſtructed; in which, the water-wheel is 20 
feet diameter, and the floats 14 feet long. 
Where a ſtream or fall of water cannat be had, 
and gentlemen want to have water raiſed; and 


brought to their houſes from a rivulet or ſpring; 


this may be effected by a horſe-engine, working 
three forcing· pumps which ſtand in a reſervoir 
filled by the ſpring or rivulet: the piſtons being 
moved up and down in the pumps by means of 8 
triple crank ABC, which, as it is turned 
by the trundle G, raiſes and depreſſes the rods 
D, E, T. The trundle may be turned by ſuch a 
wheel as F in Fig. . of Plate VIII, . 
h horſes may 


WY, on its upright axle, to whic 


be joined for working the engine. And if the 
wheel has three times as many cogs as the 
trundle has ſtaves or rounds, the tründle and 
cranks will make three reyolutions for nt” 


i if 


* 
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of the wheel: and às each” cratk Will fetch a r 


ſtroke in the time it goes round; the three ran 


* 
1 2 


. n | 

The cranks ſhould be madt of eaft iron;"be. 
cauſe that will pot bend; and they" Mold esch 
make an angle of 120 with both of the others, 


as at a, hc; Mhich ix (as it were) à view of*their Plate XII. 
radii, in looking endwiſe zt'the axis: and then Fig. 2. 


there will be always one or brhhet of them goin 
downward, which will pufhi tlie water for: 
with a continued ſtream into che main pipe. 
For, when b is almoſt at irs loweſt ſituation, and 
is therefore juſt beginning to loſe ĩts action upon 
the piſton which it moves, c is beginning to move 
downward, which will by its piſton continue the 
propelling force upon the water : and when e is 
come down to the poſition of 5,” 4 will be in the 
poſition of c. Nn. my F ag reel 
The more perpendicularly. the piſton-rods 
move up and down in the pumps, the freer an 
better will their ſtrokes be: but æ little devia 
tion from the perpendicular will not be material: 
Therefore, when the pump'rods D, E, and F 
go down into a deep well, they may be moved 
directly by the cranks, as is dpne in a very good 
horſe-engine of this ſort at the late Sr Fames 
Cr!ed's at Greemwich,” which forces up water about 
b, feet from a well under ground, to à referyoir 
on the top of his houſe, But when the cranks 
c only at a ſmall height above the pumps, the 
piſtons muſt be moved by vibrating levers, a9 in 
tne above engine at Blenbeih © and the longer 
the levers are, the nearer will the'ftrokes be tõ a 
perpendicular. Tow? 11 kl & Kaus al DSUET Hu 


Let us ſuppoſe, that ig ſuch an en ine as Sir A calculz- 
James Creed's, the great wheel is 12 | diame . ton of the 
te, the trundle 4 feet, and the radius or —_ 8989 


will make nine ſtrokes for every turn of the gfe: Bind av 
+ HIVE IB 04:7 H oof CHEE 
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of water 
that may 
be raiſed 
by a horſe- 
engine. 


of each crank 9 inches, working a piſton in iu 
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p · Let there be three pumps in all, and the 
bore of each pump be four inches diametet 
Then, if the great wheel has three times as many 
cogs as the trundle has ſtaves, the trundle and 
cranks will go three times round for. each reyo- 
lution of the horſes and wheel, .and. the three 


_ cranks will make nine ſtrokes of the pumps in 


chat time, each ſtroke being 18 inches (ar double 
the length of the crank) in a four-inch bore. Let 
the diameter of the horſe-walk be-.18 feet, and 
the perpendicular height to which the water is 
raiſed above the ſurface of the well be 64 feet. 
If the horſes go at the rate of two miles an 
hour (which is very modetate walking) they vil 


turn the great wheel 187 times round in a 


hour, ER 
In each turn of the wheel the piſtons.make 9 
2. in the pumps, which amount to 1663 i 
Wo r 
Each ſtroke raiſes a column of water 18 inches 
long, and four inches thick, in the pump-bar- 
rels ; which column, upon the deſcent ef the 
Piſton, is forced into the main PIES whoſe per. 
2 altitude above the ſurface of the well 
18 64 feet. 1 
No, ſince a column of water 18. inches long, 
and 4 inches thick, contains 226.18 cubic inches 
this number multiplied by 1686 3 (the ſtrokes in 
an hour) gives 38066 l for the number of cubic 
inches of water raiſed in an hour. | 
A gallon, in wine meaſure, contains 231 cubic 
inches, by which divide 38066, and it quotes 
1468 in round numbers, for the number of 
lons raiſed in an hour; which, divided 63, 
gives 264 hogſheads. —If the horſes. go falten, 
the quantity raiſed will be ſo much the greater- 
in this calculation ix is ſuppoled that no vat 
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j waſted by the engine But as no forcing; 
to 


engine can be ſuppo loſe leſs than a fi 
part of the calculated quantity of water, between 
the piſtons and barrels, and by the 0 —_ ns 


fbucting of the valves, the hotſes ought to walk. 


1lmoſt 22 miles per hour, to fetch up this laſs. - ; 
A column of water 4 inches thick, and 64 
feet high, weighs 349 e e or 
4245 pounds troy; and this weight together wi 
the friction of the engine, is the reſiſtance that 
muſt be overcome by the ſtrength of the horſes. 
The horſe · tackle ſhould be ſo contrived; that 
the horſes may rather puſh on than drag; the 
levers after them. For if they draw, in goin 
round the walk, the outſide leather ſtraps will 
rub againſt their ſides and hams; which will 
binder them from drawing at right angles to the 


kvers, and ſo make them pull at a diſadvantage. 


But if they puſh the levers before their bre 

inſtead of dragging them, they can always walk 

x right angles to theſe levers. 
It is no ways material what the diameter of 


the main or conduct pipe. be: for the whole 
rei 


reliltance of the water n, againſt the horſes 
will be according to the height to which it is 
niſed, and the diameter of that part of the pump 
n which the piſton works, as we have y 
ooſetved. So that by the ſame pump, an equal 
quantity of water may be raiſed; in (and conſe- 
quently made to run from) a pipe of a foot dia- 
neter, with the ſome eaſe as in a pipe of five or 
ix inches ; or rather with more caſe, hecauſe ita 
relocity in a large pipe will be leſs than in a 
mall one; and therefore its friction againſt the 
bdes of the pipe will be leſs alſo o 

And the force required tp raiſe water depends 
wt upon the length of the pipe, but upon the 
Krpendicular height to which it is raiſed therein 

| | | above 
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Of Hydraulic Enginds) 
above the level of the ſpring. $0 that the fame 
force, which would raiſe water to the height 4} 
in the upright pipe 4i#/mnopygB, will raile i 
to the ſame height or level R I A in the oblique 
pipe AE FGH.. For the preſſute of the water 
the end A of the lattet, is no more than its pre 
ſure againſt the end A of the former. 
The weight or preſſure of water at the lover 
end of the pipe, is always as the ſine af the 
angle to which the pipe is elevated above the 
level parallel to the horizon. For, although the 
water in the upright pipe 4 B would require : 
force applied immediately to the lower end 4 


equal to the weight of all the water in it, to ſup L 
the water, and a litile more to dtive it in t. 
and out of the pipe; yet, if that pipe be-iaplined I part 
from its upright poſition to an dngle of 90 d. 15d 
grees (as in A 80) the force iy ſ equa 
or to raiſe the ſame cylinder ot water WI then Wl o tn 
de as much leſs; as the fine 80 i Teſs chan the ng 
radius AB; or as the ſine of 863degrees 1s des ©. 
than the ſine of 90. And fo; deerenſing as tie And 
tine of the angle of elevation loſſens, until t 1 in the 
yives at its level AC or place of veſt hee dhe that | 
force of the water-is nothing at either end at the BY ton 
pipe. For, although che abſolute weight of the , E. 
water is the ſame in all poſitions; yet its pre 8 guad 
ſure at the lower end decreaſes}: A the ſine of N vater 
the angle of cle vation decteaſcs ; u will ape the | 
plainly by a farcher conſideration of the figure. not 
Let two pipes, AB and AC, of equal/lengris vatior 
and bores, join each other at 4; and let the BY utich 
pipe 4B be divided into 1c equal parts, © Bl to 
the ſcale & is ; whoſe length is qua to de © the 
length of the pipe. Upon this/.length, * bre 0 
radius, deſcribe the quadrant B O C, and din teere. 
i into go equal parts or degrees. o one 
Let — — 2 C be elevated „ Pipe f 
* 8 
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pon the quadrant, and filled with. water , 


To 700 5X Yo 


«hich being meaſured upon the ſcale &, will be 
about 17.4 of ſuch parts as the ern 
100 in length: and therefore, the force or preſ- 
ſure of the water at 4, in the pipe A 10, will 
AB, uy 7 0 10842} I ih 29s +06 
Let the ſame pipe be elevated to 20 degrees 
in the quadrant, and if it be kept full of water, 
part of that water will run into the pipe 4 B, 
and riſe therein to the height Ak, which is 
equal to the length of the vpright line + 20, or 
to the ſine of 20 degrees elevation; which, be- 
ing meaſured upon the ſcale 8, will be 34.2 of 
uch parts as the pipe contains 100 in length. 
And therefore, the preſſure, of the water at A, 
in the full pipe A 20, will be to its preſſure, if 
that pipe were raiſed to the perpendicular ſitua- 
ton AB, as 34-2 to 1. 
Elevate the pipe to the poſition A 30 on the 
quadrant, and if it be ſupplied with water, the 
vater will rife from it, into the pipe AB, to 
the height A, or to the ſame level with the 
mouth of the pipe at 30. The (ine of this ele- 
on, or of the angle of 30 degrees, is c 30; 
"ch is juſt equal to half the length of the pipe, 
or to 50 of ſuch parts of the ſcale, as the length 
« the pipe contains 100. Therefore, the preſ- 
lure of the water at A in a pipe elevated 30 
(egrees above the horizontal level, will be equal 
0 one half of what it would be, if the ſame 
Ppe ſtood upright in the firuation A 8. 
K And 
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then, part of the water "that is in it will riſe in 
the pipe A B, and if it be kept full of water, it 
will raiſe the water in the pipe A B from A to i; 
that is, to a level i 10 with the mouth of the 
pipe at 10: andthe upright line a 10, equal to 
4i, will be the ſine of 10 degrees elevation; 


be to the force or preſſure at A in the pipe 


129 


And thus, by clevat] the ta;40, 50, 
bo, 70, and 80 NN En 4 he 
ſines of theſe elevations will be d 40, e.5 64 
7o, and h 80; which will be Bat or er) 
eights Am, Au, Ao, Ap, and E a 'n 
[Sine of | Parts e [] Sine of Parts I ine cf Þ 
D. 1 17 D031 515 b. 61 
121 35 / 32 530 52 
3 32 3334863 
4120 3455964 
587 851573 || 65] 
6 | 104 || 36 | 588 / 66 
WA 71 122 37 602 67 
8 | 139 |] 38 616 66 
9 | 156 }} 39629 69 
10 | 174 || 40 | 643 70 
11 | 191 [/ 41 | 656 [ 7 
| 12 | 208 || 42 | 669 || 7% 
| 13] 225 || 43 682 
14 | 242 || 44 | 695 | 
1 15] 259 |] 45] 707] 
1 16] 276 |} 46 | 719 
| 17 | 292} 47 | 734 
, 18 | 209 || 48 | 743 
| 19 | 325 |} 49 | 755 
| 20 | 342 | 50 | 765 
 2r | 3581 51 | 777 
22 | 375 || 52 | 708 
23 | 397 |] 54 | 799 
| 24 | 407 || 54 | 809 
_ 25 | 423 || 55 | 819 
26438 56 | 829 
14 27 | 454 || 57 | 339 
| 28 | 469 || 58 | 848 
| 29 | 485 ||] 59 | 857 
f 30 | 500 || 60 | 866 
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a half; and of any height. frotn one ot to tus 
hundred: . with the en of the ſad 
number of in troy ad avoir. 
dupoiſe ounces. 1 4 — of. cubic; inches 
divided by 2 31, will reduce the water to gal 
lons in wine meaſure; and divided by 282, vil 
reduce it to the meaſure; of ale gallons; All 
the troy ounces divided by 12, will reduce the 
veight to troy pounds; and the- sverdUpoik 
ounces divided by 16, will . 
to avoirdupoiſe pounds. oth: 
And here I. muſt * it again, 
weight or preſſure of the water KT = 
the power that works the Engine, 
be eſtimated according to the perpendiculn 
height to which it is to be 4 — Ann 
2 to the length of the conduct pipe 
an oblique poſition; and as iff the — 
ter of that pipe were juſt equal to the diamert 
of that part of the pump in which: e 
works. Thus, by the following tables, | th 
preſſure of the water, againſt an 
pump is of a 4+ inch bore, and the perpend: 
cular height of the water in the conduct: pipe 
80-feet, will be equal to 80g7.5/troy-Qunces 
and to 8848.2 avoirdu _ ouncesz Which 
pale he 4 (roy Amer and 555 n 
pol "3! 30). | 
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Hhdroftatical Tables. 


Pd 


N 


weight of the avater, 
1; inch diameter? 
Here the neareſt ſingle | 
decimal figure is only 
taken into the account; 


and the whole being res 


duced by diviſion, 'a-| ' 


mounts to 254 wine gal- 
lons in meaſure ; to 2594 
pounds troy, and to 2 134 


pounds avoirdu poiſe. 


; 


t 1 


K 3 


|; Cubic Troy 
Feet inches 0. . 
2004241. 1-2238.2.-2457 · 8 
1701484, 783. 800 2 
'$-- 1696 89.6— 98.3 


. danger, 
d I Solidity 2 In avoir- 
i | 3 | in cubic in try dupoiſe 
es S 4 100 Mt 4 Bbgz, -QUNCEs. 
i IT E 
1 — > — —__— 
= T1] 7 497 | 546, 
A 2 | 18.85.] 995 bg od 
p 34 #26087 [14:92 16.38 | 
4] 37-70. | 19.89 21.85 
It 91H 47.12 24.82 | 27-31 
1 —6| 2855 129.84 3777 
if 7. 65.97. | (3482 | 38-23 
| - ITS 39 _ 43-99 
1 9 | 84.82 44-56 | 49-16 
in 10 [ 9424 |__ 49-74 | 54 62 
gen 20 13.32 99.48 10924 
pe· 30 [ 282.74 | 149.21 | 163. 
ne 40 | 376-99. | 198,95. | 218,47 
ton 50 47 1:24, | 14.29 | 27309 
wel |_e |_56549|_298-43 | $27.7 
ok 70 [659.73 [ 348.17 |: 382433 
80 | 753-98 | 497-90. - 43695 
90 . 343-33. }- 447-24 
ceõ 100 [ 942.48] 497.38 
" 200 | 1884.96 | 994.76 


| ; * 757 
ExamPLe, Required the number of cubic inches, and the . 
in an upright pipe 278 feet high, and 


Avoird. 
0 


Auf 878--5895.15-3111-053416,3 


YI 


— 


444 4 4 0. 


Theſe 


12 inch diameter. 1 


—— — 2 
1 | Solidity | 
f ia cubie C in 
| Z. inches. 
| S | 
> <4 2 
| „ $% 21.21 
"#" 84.82 
65 106.03 
6 127.23 
; 147-44 
| 169.65 
| 9 | 190.65 
10 | 212.06 | 
20 424.12 
| 30 | 636.17 | 
l 40 4 848.23 1 
130 1060.29 
60 | 1272.35 | 
70 1484.40 
80 1696.46 
90 | 1908.52 
] 200 | 2120.58 | 1119.09 
200 | 4241.15 
I. 
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Theſe tables were at firſt. calculated to. (is 
decimal places for the ſake of exactneſi; bu 
in tranſcribing them there are no more” than 
two decimal figures taken into the account, and 
ſometimes but one; becauſe there is 00 mae 
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| *yÞy 282g 


| 75-490} 3949-(: 4>09 } 

113.10 49468 5-54 
150.10 99-58 $7.39 
188.50 99447 [109.24 
226.19 119.37 | 13 605 

| 263.89 139.26 |. 152.93 
301.59 159.16 |. 174478 


93 
JI 
—— 
— 
8 2 9 18 
| P 
18 4 
mono By To -18 
_ — LS ; * = * 
= 
©> | » 1 15 
— on 
12 = } " {Þt p 
*Z F 1 
— een RE EE CR $ 
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1529.92 
| 1747-80 
1966 27 
| 2184-75 

4369-50 | 


| 


I th parts of an es 


& an ounce in practice. And 28 they never 


appeared in pr mg ogg be amiſa 
0 gire the reader an account of the principles 
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| T 25 Inches diameter. © / 
| > | Solidity Weight In aveir- 

2 | in cubic | in troy dupofe 

1 A inches. | ounces. | ounces, 
| — — © „ . 
4 7] 58.90 37,06 3414 
2117.81 62.17 OB8i27 

3] 176.71 | 93.26 102.41 

4 | 23562 | 124-34] | 136455 
5294.52 135.43 170,68 
| 61 353.43 186.52 204.82 
17 412.33 | 217.60] 238.96 
8 | 471.24 248.69 273.09 

9 5300.14 279777 30%3 

to | 5% þ.* 310-807; 24267 

1 20 1176.0 621,72 682.73 
30 1767.15 [ 932.58 1024.10 
40 2356.20 1243.44 1305-47 

50 2545.25 1554-30} 1706.83 
60 | 3534-29 1865.16 2048.20 
70 4123.34 2176.02 2389.57 

| 80 4712.39 '| 2486.88 | 2730.94 
| 90 | 5301.44 | 2797-74} 3972-30 
{ 100 | 5890.49 | 3108.60 2413.67 
200 [11980.98 6217.20 4827.34 | 


The ſolidity of cylinders are found by mul- 
tiplying the areas of their baſes by their alt- 
tudes. And ARCHIMEDES gives the föllowing 
| proportion for finding the area of a circle; and 
| the ſolidity of a cylinder raiſed upon that circle. 
| | As 


& * 


| 


3 Inches diameter. 
l ] ' Weight 2H @V. 


ENF 

5 

>|; 

8 

2 | 

2 69. 

3 , 

4 . 

5 241 

6 505.9 26858, 29494 

71 593-7 þ 313.35 ] 34410 

8 698.6 | 338.11 393-25 

9 763-4 .þ 402-87; 44241 | 
10 848.2 l 447-04 .| 491,57 
—_— ——— ——— 


20 - 1696.5 | . 895.28 1s 963.14 | 


— — — — 


As 1 is to 0.5839 ſo is the ſquare of 
meter to the — — —_ 
0.785399, ſo is the ſquare: of the diameter 
utiphed by the height to the ſolidity of the 
inder. By this analogy the ſolid inches and 
Parts 


3+ Inches dameter, 


| Solidiry * 
in cubic i 
inches. : 


* 
x 


n 2 


2 Dd 
285884 
* 


ww a | v > 6s » 


Sn 
O 

* SO o 
8 


of an inch in the tables are calculated © 
cylinder 200 feet high, of any diameter from 
inch to 62, and may be continued/at:pleaſure. 
And as tothe weight of a cubie foot of 
vey: it has been often found upon rial, 


Dr 
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4 Inches diameter, TY 
2 Solidity | Weight ln avoir- 
2 in cubie j in troy” dupoiſe 
8 4 
18 —̃ — 
1 1508} 796 87.4 
| | 2 302.6 159.2} 1748 
| 3] 45%4] 236.9} 202.2 
460.2 318.3 349-6 | 
5| 7540] 3979 4369 
ö 6 904.8 1 477.5 6824.3 
7 1055.6 | 357-1 [ 611.7 
| 8 1206.4 | 636.6 | 699.1 
| 9 1357-2] 716.2]: 986.5 
17 10| 1508.0} 795.8 | B873:9 | 
: 50 * * — 
! 20 | 3115.9. | 1591.6 | 1747-8 
a 30 4523-9 2387.4 | 2621.7 
| 40 | 0631.9 [ 3183.2 | © 3495-6 
a 50 7339.8 3997 [4369.5 
|| | 99478 4% 4434 
6 70 | 10555.8-ſ. 5570.6 6117.3 
6 bo 12063. 7 1 6366.4 | 901.2 
7 90 | 13574-7 | 7102.2" 7865.1 
8 100 | 15079.7 [ 7958-0 $8739.0 
. 0.015.318. 
ed 088 bernd and others, to be 76 pounds + 
from Gp. which is equal to 62.5 pounds avoirdy- The 
ure e Therefore, ſince there are 1728 cubiq weight of 
ul "Ss in a cubic foot, à troy ounce of water r 8 
ul, oy '-3949 cubic inch f und an avoirdupoils © 
Ounce 


4 Inches dian 


Soljdity Weight | 


* „ — 
. 
— 


e 


— 
* 
WA 
Ti 
2 
L. 8 
4 
5 
6 
71 
W 
9 
10 
20 
30 
40 


3 


in cubic in troy. /;; 
inches. ounces. 
1 


Fg 


+ —— » — 


ſ 1 90.8 100.7 
384.72 201.4 
572.6 302.2 
J 
| 


, 


763.4 402.9) 
954-3 | 503.6 


1 145.1 604.3 663.6 
1337-9. | 795-9. 
+ 15268 | 80.7 
1717.7 90. 5 
1908.8 1007.2 


ar 


3817.0 2014.44 
5725.6 3021.6 
| 7634.1 4028.7. ]- 4424-1 
50] 9342.6 50339 
1 60 | 11451.1. | 6043.1. 


70 13359-6'| 7050.3: | 
80 | 15268.2 | 8057.5. 
| go | 17176.9-| 9064.71 
| 100 | 19085.2 1001.9 | 411060. 
| 200; | 38 170.4 | 20143.8 | 221206 


ounce of water 1.72556 cubic inch. Con 
quently, if the number of cubic inches d 
tained in any given cylinder, be divided 
1.8949, it will give the weight in troy ound 
and divided by 1.72586, will give the wx 


5 Inches diarneter. = 
Solidity' | Weight {In avoir- 
in cubic | in'troy 2 dupoiſe 


3 


2 — — 
235.60 | 1243 1: 
471.2 248.7 
706.8 373.0 | 
942.56 4974 
1178.1 621.7 
14137 [ 746“ 
1649.9 ]- 8704 
1864.9 994˙U ( 
2120.6 l. 
2356¹2[ 1243/4 


— . — - 
? 


4 
— 


11780. ] 6217.44 
14137:2 [ 7460.6] 
—  - 
16493-4 | 8704.1] 
1889.6 | 9947:5 
21205.8 | I1191.0 
22562.0 : 
200 421240 ) 24868.8 


SS S8 I 88 88 8 8e cow 18586 8 — 1 


3 0 
ded 


weh 


oirdupoiſe ounces. By this method, the 
igbts ſhewn in the tables were calculated; 
d are near enough for any common practice. 
The fire-engine comes next in order to be ex- The fre- 
lined : but as it would be difficult, even by _— 
| the 


Hydroftatital Tabler) 2 far 


— 
2 
— 
9 12 
S 


7 


14285. 0 
| 17106. o 


D 


— 


$3 | 333888 | 50 ale [yy 299g 


| 19957-0 
24908. o 
25659.0 | 1341.1 
2810.0 | 15045.6 
200 | 57020.0 30091. a 


we _. 
o © 


the beſt plat-* to give a particular 
Ev as to make -the's 0 
intelligible, I only 2 the princi 
von which ie « 


1, Wh 


| 1017.9 56322 


30536. 1611.017696. 5 
100 | 33929-2 | 17995:6 19662. 7 


* —— — 


Seelen 1 
, * « * 
(SS) 
\S 
ty 
& 
= 
JI 
8 
S 
Q 
wa 
(SV) 


200 " 678:8.4 2 2 | 39325.4 | 


* 
Whatever ; weight of ware Gee 
pump-rod loaded with weights ſuf - 


: and the 
power” 


n 


"t for chat - purpoſe, 3 


Hydroftatical Tale. 


2 = — | 
— di 3 
e e | 
| | Solidity , Weight. avoit- || 
2.1 in ebie in e 
|. Z-| inches. | ounces. Þ ounces. 
-F-— — —— | — 1 | 
| 10 308.2 2 210.1 + 230.7 
6 | Þ 2 a 197-41 q 42043 4; 461.4 
3 1195.6 630.4 % 692. 
11 345 1593.8 940,6 . , 922.8 
5 1991.9 1060.8 [ 1153.6 
1 12 1 — | 
| 6 2390.1. 126019 n 13843 
71 2788.3 1471.1 1615.0 
88 3186.58 16812 1845˙7 
19 358771794 29764 
10 3982.9 [ 2101.5 40% 
20 7965.8 | 42029 [ , 4614-3 
| 39| 11948.8.| 6304.4 . 6921.4 
| 40| 159317. | 8405.9 9228.6 
150 199146 | 10507,4/þ-14535-7 
50 23897.6.| 1608.9 J 138449.) 
— — ea e. 
270 27880. 5 [147 10.4 1610.0 
80 31863.4 168 11.8 4 184572 
| 90] 33846.3 | 1891343 [ 20763 
| 100] 39829.3 21014.8 J 230715 
200 79658.6 | 42029.6 [ 46143 


power of the engine muſt be ſufficient for © 
weight of the rod, in order to bing it up. 

2. Ir is kinown, that the atmoſphere pre 
upon the ſurface of the earth with .a force eq 
to 15 pounds upon every ſquare inch. 
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d fieam or ua. | 
4. Hot ſteam is very elaſtic ;- and when it is 
ooled by any means, particularly by its being 
mixed with cold water, its elaſticity is deſtroyed 
mmediately, and it 4s reduced to water again. 

5. If a veſſel be filled with hot ſteam, and 
hen cloſed fo, as to keep out the external air, 
dall other fluids; when that ſteam is by any 
neans condenſed, cooled, or reduced: to water, 
bat water will fall to the bottom of the veſſel; 
id the cavity of the veſſel will be almoſt a per- 
ect vacuum. | X | 
b. Whenever a vacuum is made in any veſſel, 
air by its weight will endeavour to ruſh into 
e veſſel, or to drive in any other body that 
ill give way to its preſſure z as may be eaſily 
n by a common ſyriage. For, if you ſtop 
he bottom of a ſyringe, and then draw up the 
ſon, if it be ſo tight as to drive out all the 
Ir before it, and leave a vacuum within the 
ringe, the piſton being let go will be driven 
dyn with a great force. 1 
> The force with which. the piſton is drove 
dun, when there is a vacuum under it, will be 
tne ſquare of the diameter of the bore in the 
nge. That is to ſay, it will be driven down 
th four times as much force in a ſyringe of a 
-1nch bore, as in a ſyringe of one inch: for 


areas of circles are always as the ſquares of 
er diameters, 


— 
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Nl to 15 pounds upon every ſquare inch, it 
l be equal to about 12 pounds upon every 
ular inch, So that if the bore of the ſyringe 
* L be 


3. When water is heated to a certaig degree. 
particles thereof repel one another, and 
aſtirute an elaſtic fluid, | which is generally 
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vill be preſt down into it by a force nearly equi 
diameter, the piſton will- be ro doo v 
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be round, and one inch in diameter, the piſto 


to 12 pounds: but if the bore be two inch 


four times that force. m 

And hence it is eaſy to find with Ae th 
the atmoſphere preſſes upon any given donde att 
either of ſquare oh circular inches. 00 

Theſe being the principles upon which BM 
engine is conſtrutted, we thall next deferibe the Pi 
chief working parts of it: which are, 1, 1 tha 
boiler. 2. A «vr, and Piu 'P A ben up 
or lever. and 

The boiler is a+ large veſſel made 6f iron : 
copper; ind commonly fo big as to conti 
about 2000 gallons. lorc 

The cylinder is about 40 inches diameter dic 
bored ſo ſmooth, and its leathered piſton heting\ B 
cloſe, that lirtle or no water can get between tit - 


piſton and ſides of the cylinder. 

Things being thus prepared, the cylinder! 
placed upright, and the ſhank of the" piſton! 
fixed to one end of the beam, which turns of 
center like a common balance. 

The boiler is placed under the cylinder, vt 
a communication between them, which can 
opened and ſhut occaſionally. 


The boiler is filled about half full of ul n 
and a ſtrong fire is made under it: then, if t a; 
communication between the boiler and the oy > 
linder be opened, the cylinder will be filled 7 5 
hot ſteam; which would drive the piſton qu . I 
out at the top of it. But there is a contra A a 
by which the piſton, when it is near the top CO 


the cylinder, ſhuts the communication at U 
top of the boiler within. 


of Hydraulic "Engines. 
This is no ſooner ſhut, than another 1s opened, 


in a jet into the cylinder, which mixing with the 
hot ſteam, condenſes it immediately; by which 
means a vacuum is made in the cylinder, and 
the piſton is prefſed down by the weight of the 


rod at the other end of the beam. | | 
f the cylinder be 42 inches in diameter, the 


than 20000 pounds, and will conſequently lift 
up that weight at the oppoſite end of the beam: 
ard as the pump-rod with its plunger 1s fixed 
to that end, if the bore -where the plunger works 
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* were 10 inches diameter, the water would be 
forced up through a pipe of 180 yards perpen- 

oC cular height. | 

no But, as the parts of this engine have a good 

nal of friction, and muſt work with a conſi- 


deravle velocity, and there; is no ſuch thing as 
making a perfect vacuum in the cylinder, it is 
ſound that no more than 8 pounds of preſſure 
uſt be allowed for, on every circular inch of 
ne piſton in the cylinder, that it may make 
ory 16 ſtrokes in a minute, about 6 feet 
ach, 

Where the boiler is very large, the piſton 
l make between 20 and 25 ſtrokes in a mi- 


f ute, and each ſtroke 7 or 8 feet; which, in a 
te emp of 9 inches bore, will raiſe upwards of 
gi os hogſheads of water in an hour. 

1 ou It is tound by expetience that a cylinder, 40 


iches diameter, will work a pump 10 inches 
ameter, and 100 yards long : and hence we 
n find the diameter and length of a pump, 
at can be worked by any other cylinder. 


by which a little cold water is thrown upwards 


umoſphere; and ſo lifts up the loaded pump- 


piſton will be preſſed down with a force greater 
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hand, I find the diameter of the bore 


For the conveniency of thoſe 1 
make uſe of this engine for raiſing 
ſhall ſubjoin part of a table calculate 
Beigbton, ſhewing how any given qu 
water may be raiſed in an hour, from 
hogſheads; at any given depth, fꝗäJn˖ 
100 yards; the machine working 
of 16 ſtrokes per minute, and each ]] 
6 feet long; 1 
One example of the uſe of this bln 
make the whole plain. Suppoſe it we 
to draw 150 hogſheads per hour, at "ge 

depth; in the ſecond column from men 
hand, I find the neareſt number, vis. 
heads 40 gallons, againſt which, on 


of the pu 
muſt be 7 inches; and in the ſame o 
under * depth go, I find 27 inch 
diameter of the cylinder fit for that p 
And fo for any other. | = 
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plate xlll. Water may be raiſed by means of à ſtream 


A B turning a wheel CDE, according to the 
order of the letters, with buckets a, 2 4, 4, &c. 
hung upon the wheel by ſtrong pins & 5, 6, 5, 
&c. fixed in the fide of the rim: but the wheel 
muſt be made as high as the water is intended 
to be raiſed above the level of that part of the 
ſtream in which the wheel is placed. As the 
wheel turns, the buckets on the right hand g 
down into the water, and are thereby filled, and 
up full on the left hand, until they come to 
the top at X; where they ſtrike againſt the end 
x of the fixed trough , and are thereby over- 
ſet, and empty the water into the trough z from 
which it may be conveyed in pipes to the place 
which it is deſigned for: and as each bucket 
gets over the trough, it falls into a perpendi- 
cular poſition again, and goes down empty, 
until it comes to the water at A, where it 1s 
filled as before. On each bucket is a ſpring r, 
which going over the top or crown of the barn 
(fixed to the trough M) raiſes the hottom of the 
bucket above the level of its mouth, and {0 
cauſes it to empty all its water into the trough. 
Sometimes this wheel is made to raiſe water 
no higher than its axis; and then, inſtead of 
buckets hung upon it, its ſpokes C, d,. e, J. $1 6 
are made of a bent form, and hollow within; 
theſe hollows opening into the holes C, D, E, E. 
in the outſide of the wheel, and alſo into thoſe 
at O in the box N upon the axis. So that, as 
the holes C, D, &c. dip into the water, it runs 
= them; and as the wheel turos, the water 
ſes in the hollow ſpokes, c, d, &c. and runs 
out in a ſtream P from the holes at O, and falls 
into the trough Q, from whence it is conveyed 
| by pipes. FP this is a very eaſy way of railing 


water, 
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unter, becauſe the engine requires neither men 


nor horſes. to turn it. 1 

The art of weighing different bodies in water, Of the 
and thereby — e their ſpecific gravities, or {pecific 
weights, bulk for bulk, was invented by Ag- f pode, 
calMEDESz of which, we have the following ; 
account. 1 S How $1373 \ 

Hiero, king of Syracuſe, having employed a 
Agr to N 10 * _ 1 po 3 
maſs ure or. that purpoſe, ſu ed 
that the —— had kept back part of the 
gold for his own uſe, and made up the weight 
by fend crown with copper. But the 
king not knowing how. to find out the truth of 
that matter, referred it to Archimedes; who 
having ſtudied a long time in vain, found it out 
at laſt by chance. For, going into a bathing 
tub of water, and obſerving that he thereby 
raiſed the water higher in : tub than it was | | 
before, he concluded inſtantly that he had raiſed - 1 
it juſt as high as any thing elſe could have done, = 
that was exactly of his bulk: and conſiderin 


. F KF 


10 that any other body of equal weight, and of leſs 
b. MW bulk chan himſelf, could not have raiſed the 
cer wer ſo high as he did; he immediately told 


the king, that he had found a method by Which 
he could diſcover whether there were any cheat 5 
n the crown, For, ſince gold is the heavieſt 

E. tall known metals, it muſt be of leſs bulk, 

\oſe rcording to its weight, than any other metal. 
And therefore, he defired. that a mals of pure 

uns cold, equally heavy with the crown when 

ner eighed in air, ſhould be weighed againſt ; 
uns in water; and if the crown was not allayed, 
als WY © ould counterpoiſe the maſs of gold when 

yed ey were both immerſed, in water, as. well as it 

ing WI © when they were weighed in air. But upon 

L making 


ter, 4 


balance. 


152 Of the ſpecific 'Gravities of Budi. 
making the, tryal, he found that the maß N 
gold weighed yn” heavier in Water than the 
crown. did. And not only fo, bur that, her 

the maſs and crown were immerſed 
in one veſſel of water, the crown raiſed ce 
ter much * than the mas did; Wick 
ſhewed it to be allayed with ſome hi ter meu 
that increaſed its bulk. And "ſay 
trials with different metals, all equialy Heavy 
with the crown when weighed in air, H Pen 
out the quantity of allay in the crown, / 
| The ſpecific ities of bodies are 10 42 
weigh ghts, bulk r bulk; thus a body is {and to 
have two or Wee times the ſpecifie gravity of 
another, when it contains two or temen 
much matter in the ſame ſpace. | 
A immerſed in a fluid wilt fink do the 
bottom, if ror be heavier than its bulk of de 
Huld. If it be ſuſpended therein, it Will hoe 
is much of whar it weighed in air, as its bulk 
of the fluid weighs. Hence, all bodies of egut 
bulk, which would fink in fluids; *Ioſe "equi 
weights when ſuſpended therein. And dne 
bodies loſe in proportion to their bulks;” © 

The . The Haraſtatic balance differs very litt 
alt from a common balance that is nicely mad: 
only it has a hook at the bottom of each ſeals; 
on which ſmall weights may be hung by horte 
hairs, or by ſilk threads. So that a Ah 4 ſaſ⸗ 
pen ed by the hair or thread, ma 

in vater without wetting the par yr from ho 

it hangs. 

How to If 2 body thus ſuſpended under the leak 

find the at one end of the balance, be firſt cou — 

— of in air by weights in the oppoſite ſcale, a 

— body. immerſed in water, the equilibrium will 5 — 
Oy deſtroyed. Then, if as much weight 


of the Pad oo of Nas. 

be put into the ſcale from which the body hangs, 
u will reſtore the equilibrium (without alteting 
the weights in the oppoſite ſeule) that weight 
which reſtores the equihbrĩium, will be to 
te weight of a quantity of water as 25 as che 
mmerſed body. And if the weight of the body 
n air be divided by what it loſes in water, the 
cuotient will new how much that body is hea- 
vet than its bulk of water. Thus, if # 
ſuſpended in air, be counterbalanced by 129 
grains in the oppoſitt ſcale of che bwhnce; and 
then, upon its being immerſed” in water, it be- 
comes ſo much lighter, as to require 74 grains 
put into the feale over it, to reftore the equili- 
brium, it ſhews' that a quantity of water, of 
equal bulk with the guinea, weighs 74 grains, 
or 7.25; by which divide 129 (the weight of 
the guinea in air) and the quotient will be 
17.793 ; which ſhews that the guinea is 17.793 
times as heavy as its bulk of water, And thus, 
ay piece of gold may be tried, by weighing it 
brit in air, and then in water; and if upon di. 
nding the weight in air by the Joſs in water, 
the quotient comes out to be 17.793, the gold 
good ; if the quotient be 18, or between 19 
md 19, the gold is very fine; but if it be lefs 
than 17, the gold is too much allayed, by be- 
ng mixed with ſome other metal. v4 
f filver be tried in this manner, and foun 
be 11 times as heavy as water, it is very 
me; if it de ro: times as heavy, it is ſtand- 
ud; but if it be of any leſs weight compared 
th water, it is mixed with ſome lighter me- 
al, ſuch as tin. | . 
By this method, the ſpecific gravities of all 
oaes that will ſink in water, may be found. 
At as to thoſe which are lighter than water, — 
mo 
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Of the ſpecific Gravities ¶ Baia 
moſt forts of wood are, the following methet 
may be taken, to ſhew how, mach. lighter they 
are than their reſpective bulks of water 
Let an upright ſtud be fixed into a thick fi 
piece of braſs, and in this ſtud let a ſmall lever, 
whole arms are equally long, turn upoa 4 fine 
rom the ſcale of the balance be tied to ond gad 
of the lever, and a thread from the body to be 
weighed, tied to the other end. This dong 
put the braſs and lever into a veſſel; then pou 
water into the veſſel, and the body will giſe agd 
float upon it, and draw down the end of the 
balance from which it hangs; then, put as much 
weight in the oppoſite ſcale. as will raiſethatead 
of the balance, ſo as to pull the body downiaw 
the water by means of the lever; and thy 
weight in the ſcale will ſnew how much the 
body is lighter than its bulk of water. 

There are ſome things which canpot de 
weighed in this manner, ſuch ,asquicklilve, 
fragments of diamonds, &c. becauſe they can 
not be ſuſpended: in threads; and muſt rhereton 
be put into a glaſs bucker, hanging by a thread 
from the hook of one ſcale, and countegpailed 
by weights put into the opplite ſcale, The 
pot you want to know the ſpecific.granl 

quickſilver, with reſpect to that of water; « 
the empty bucket be firſt counterpoiſed in all 
and then the quickſilver put into it and weights 
Write down the weight of the bucket, and all 
of the quickſilver; which done, empty is 
bucket, and let it be immerſed in water 21 
hangs by the thread, and counterpoiſed theres 
by weights in the oppolite ſcale: then, po 


the quick ſilver into the bucket in the watt 


which will cauſe it to preponderate ; and put 
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Of the-ſpecific Grevities of hu. 
A Table of the ſpecifi graues of ſepenl fn 


nd fluid bodied; © 
Na 1 — — 8 4 I" * 
. Troy werghts — | 0 
A tubic inch of 3 


Very fine geld p 
Standard gold = 


uinea gold 


Moidore gold - 

NY vickfilver — — | 
d - 

F ine Glver —_ 


| Tron — 
SG 4 bY 


Led ore » 9 


{German antimony 


Standard ſilver- 


2 . 
laſs of andi moo ) 


2 


Copper ore 2 1 | 
Diamond - |, 1 15 20.854, 1-1 
Clear glaſs, -, 43, 5.8811 
Lapis Jazuli 1 12 627 I 
[Welch aſbeftos - | 1 10 17.57 ' 
White marble [i 8 13.41 
Black ditto -<| 1 8 12.65 
Rock cryſtal <| 1 1.00 
12 {Green glaſs = -| 1 7 15.38 
ICornelian n y 49-36 
Flint 1 6 19.63 
| | Hard paving tone I 5 22.87 
ub FL iveſulpbur -|1 1 2.40 
.- [Nitre - - -| 0 1.08 
Alabaſler - - | o 19 18.74 
[Dry ivory - *-| o 19 6.09 
22 — - 40 18 23.76 
Alum _ o 17 21.92 
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5 Troy weight. 4Avoirdup- 
A cubic inch of 12 TL — 
. pw, gr. on. drams. 
— — 4 — — —e— 
0 11 18,82] © 10.344 
nn 2-89} 0 $70] 
o 10 2079 9, 9-54/ 
210 2,79% 9:34; 
o 10 20,79] 0 954 
0 10 13.30 o 9.26 
- | 0 10 12.94] © 9-25 
1 © 10 11-42] © 9-20 
0 10 11.42] © 9.20 
10 +7-63| 0: 9.00 
492 9 12300 8.62 
8 | 9. 9 18.00] 0 8.56 
Jive oil - - 1 © 9 15-17].0 8.45 
err ſpirits = [0 9 3-27] © 8.03 
obs] pin of turpentine © 9 2.76 o 7-99 
e of turpentine } 6 06.99) 9 7.33 
280 208 1. D 79 
19's 2:04] 0 4:46] 
— + 10.2.12.77] 0 2.21 


— 


Take away the decimal point from the num - 
en in the right hand column, or (which is the 
ame) multiply them by 1000, and they will 
ew how aunces avoi iſe are con- 


ned in a cubic foot of each bodſů p. 
2.0108 The uſe of the table of ſpecific gravities will How to 
" eſt appear by an example. Suppoſe a body to find out 


& compounded of gold and filver, and it rr 
jured to find the quantity of each metal in mes 
ie compound. 2 ni on in 
Fiſt find the ſpeeific gravity. of the com- metals, 
ound, by weighing. it in air and in water, and 
widing its aerial weight by what it loſes theres 
Lin water, the quotient. will ſhew its ſpecibe 
f gravity, 


1 
ö 
N 
| 
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tuous li. 


.  Quors, 


2 is 10.5, and that of gold 1 neg therein 


by 10.5, the ſpecific gravity of. ſilxer, 


by finding how much it is heavier than ite bull 


Of. the Specific: Gravitiet F edis. 
gravity, or how many times. it is heavier thai 
bulk of water Then, ſubtract the {; 
gravity of filver (found in the table) from g; 
of the compound, and the ſpecific gravity of 
compound from that of gold; the-firſt r 

the bulk of gold, and the latter the bu 
of ſilver, in the whole compound: and if thi 
remainders be multiplied by the reſpective . 
cific gravities, the products will ſhew the pi * 
portion of weiches of N metal in dN 
A Soppcle abe eels — 

du et CHIC vity 

ed body be PR rode of ſilver (by th 


from 13, remains 2. 5» (ne the 
bell of the gold; ahd 13 from 19. Fi .remull 
6.63, the en bulk of ſilver in the com 
pound. Then, the firſt ee muli o 
plied by 19.63, the ſpeciſie gravity of "ga 
produces 49.07 for the proportional 6 
gold; and the laſt remainder 6.63 2 


69.615 for the proportional weight © flver i 
whole body. So that for every 49.0% bung 


or pounds of gold, there-afe" eng 


ä ounces of ſilver in the body. ſeer 


Hence it is eaſy to know whether any ſuſper N na 
ted metal be genuine, or allayed, or counteren 


of water, and: comparing the ſame with weed 
table: if they agree, the metal is goods if to: 


| differ, it is allayed or counterfeĩite. bo- 
How to 


ry ſpiri-" proof ſpirits, weighs 2 35.7 grains; 


A cubical inch of good brandy, rum, or ſha] 


a true inch cube of any metal weighs — 
Fo. leſs in ſpirits than in air; it thews tb 


irits are proof. If it loſes leſs. of-its = bol 
weigh 


Of the ſpecific Gravities"of Bidies. 159 
ight in ſpirits, they are above proof; if it loſes 
more, they are under. For, the better the 
ſpirits are, they are the lighter; and the worſe, - 

e heavier. All bodies expand with heat and 
contract with cold, but ſome more and ſome les 
than others. And therefore the ſpecific gravities 
f bodies are not Preciſely the fame” in ſummer 
„ in winter. It has been found; that a cubie 
inch of good brandy is 10 grains heavier in win- 
er than in ſummer; as much ſpirit of nitre, 20 
grains; vinegar 6 grains, and ſpring water 3. 
ence it is moſt profitable to buy ſpirits i 
inter, and fell them in ſummer, ſince they are 
lays bought and ſold by - meaſure. It has 
been found, that 32 gallons of ſpirits in winter 

il make 33 in ſummer.” © - - et 
The expanſion of all fluids is proportionable 
to the degree of heat; that is, with a double or 
riple wm a fluid will expand two or three times 
a much. n 4 

Upon theſe principles depends the conſtruc- The 2. 
tion of the thermometer, in which the globe or er. 
bulb, and part of the tube, are filled with a 
fluid, which, when joined to the barometer, is 
ſpirits of wine tinged, that it may be more eaſily 
ken in the tube. But when thermometers are « 

»ry by themſelves, quickſilver is generally 

ved. ! ; a ; FAHN 

In the thermometer, a ſcale is fitted to the 

tube, to ſhew the expanſion of the quickſlver, 

and conſequently the degree of heat. And, as 

Farenbeit's ſeale is moſt in eſteem at preſent, I 

ſhall explain the conſtruction and uation ß 

thermometers according to that ſcaſwmee. 

Firſt, let the globe or bulb, and part of the 

tube, be filled with 4 fluid; then immerſe the 

dulb in water juſt freezing, or ſnow juſt . 
| Ng 3 


»60 


bes ga, to denote. the freezing 


upon the ſcale, thus. 


turpentine 550. Tin melts with 408, and lead 


and blood 27. 


| tapfer will ink "ACS. May ==" 
depend 


. 


ing4 and even with that part in the ſcele vag 
— fd then ſtands in the — 


the bulb undet your 2 { 
of a moderate degree of hea that it u 
of be — ſb, your ſkin, WW” 


s riſen. as far.as 1720 
that heat, there —— the number 95 
divide the ſpace between theſe numbers hy, 
equal parts, and continue thoſe divifions bat 
above. 97 and below 32, and number them a 


eordingly. 

This may be done in any part of the workl 
for it is found that the freezing point is alway 
the ſame in all place, andthe hea ofthe ha 
body differs — very little; fo that the thermo 
meters made in this manner will agree with one 
another ; and the heat of ſeveral — will be 


ſhewp by them, and expreſſed by the nymben 


Air, in ſevere cold weather, in our Clien, 
from 15 to 23. Air in winter, from 562 
Air in ſpring and autumn, from 43 to 53- 
at midſummer, from 65 to 68. 1 — * 
of the ſummer ſun, from 86 to 100. But 
zuſt melting, 93. Alcohol boils with 1760 
173. Brandy with 190. Water 212, Cild 


with 340. Milk freezes about 30, vinegar 2h, 


A body (pecifically lighter than 2 fluid wil 
ſwim upon its ſurface, in ſuch. a manner, ob 
quantity of the fluid equal in bulk with ts 
immerſed part of the bady, will be as heavy # 
the whole body, Hence, the lighter/a fluid 5 


16x, 


hen EY 
* From this ” 
v1 
my 
ln; 
a by 


— 


N 
much water as is equal to it in weight: and 

Ad * 
wan therefore- the part immerſed muſt be equal in 
lk to ſuch a portion of the water as is. equal 
o the weight of the whole hip. 
* To prove this by experiment, let a hall of 
1 be ve light wood, ſuch, as, fir or pear-tree, be 
"ben out into water contained in a glaſs, veſſel j and 
7 et the veſſel be put into a ſcale at one — of a 
mate, balance, and counterpoiſed by weights in the | 


polite ſcale: then, marking the height of the 


„er in the veſſel, take ouf the ball, and fill 
b p the veſſel with water to the ſame height that 
zung tod at u hen the ball was in it; and the fame 


right will counterpoiſe it as before. 

From the veſſel's being filled up to the ſame 
height at which the water ſtood when the ball 
as in it, it is evident that the quantity poured 
n is equal in magnitude to the immerſed part 
it the ball; and from the ſame weight coun- 
erpoiſing, it is plain ble the water poured in, 
equal in weight to the whole ball. 
ln troy weight, 24 grains make a penny- 
eight, 20 pennyweight make an ounce, and. . 
I2 ounces a pound. In avoirdupoife weight, 
6 drams make an ounce, and 16 ounces a 

| M pound. 


— 


Of the ſpitific Gravitios of Buben 
pound — * 2 —— 


— the avoirdupoi und 7000; and 
the avbirdupoiſe ard 6 weighs 25.343); grin, 
and the avoitdupoiſe ounce 437. 
— . —— to knw hog en 
ven quantity of — in troy weight do 
in avoirdupoiſe weight, and che reer 
we ſtrall here anner two tables for Converting 
theſe' weights into one another. - 
133 to 1:44 #re near enough fot com- 
e, but the two following 
ate · better, where accuracy is required in com- 
_— ts with one another: © and | 
Pod, by aria 173 troy ounces are preciſdy 
equal to 1 — — and 175 troy 
pounds are equal to 144 avoirdupoiſe. ' Ad 
although there are ſeveral leſſer integral num- 
bers, which come very near to agree together, 
yet 1 have found none leſs than the” above 1 
agree exatly, Inderd 41 troy dunces ate þ 
neatly'equal to 45. zvoirdupoiſe ounces, that the 
latter contains only 7 grains more than = 


mer: and 45 troy pounds wei h only 7 re d 
more than 37 avoirdupoike. N — g 


S325 Se SS FI£ 


ſel 


E| 


A table for reducing 'Troy weight into Avoirdupoiſe weight. 


1 


— 


_— * 


o eee 


"6 13,68] ee wt. 19] 
e 


- „ „ „ „ „„ we 
* % 


# 
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— 
weight, 
Pounds Thos 376 1 13 104e 
q 1004861 Mi AL 13] 11.4 4 
390013643 10 12 10 18 ad 
: 20CO[2430 6 . 
1000215 3 1161 
| [299011093 9. 
; 800] 972 2 4 
oo 850 8 | 
| 600 729 2 | 5 
a 5OO 7. . Py 
400 486 1 8 ge 41 
300 3% \ O- © 31. 
100 121 6 3 4 17 
96] 109 4 10 0 15 
80 27 2 185 "| 10 15 22.76 
8⁰ 85 9.10 It 1 14 19-42 
a = N 12 13 15.09 
E RN . 12 12474 
40] 48 7 1 10 11 9.4 A 
20 24 J'13 8 8 9 :M( 
10 12 1 16 16 ky 8-23.36 
1 6 20 09-0 < Te 7 20.0] 
| 8 9g ' 17 81 1 6 16.7 
1 6] 7 3 10 C n * 10.0: 
| | 5 6 18 + oy « 2 6.68 
| 4 4 10 6 16 I 1 4.34 
w.- ! 15 9 1 0 750 
= Bats 1 136 
99 a 1 ii if * i 6.8 
=_ Tbe 
' | 


Avoirdupoiſe Weight reduced into Troy. 166 
The two following examples will be ſufficient 
to explain theſe two rabies, = ow their 2 


ment. 


9 I. In 6835 6 ounces q pennyweights 
grains Troy. How much E | 
1 ? n 600 N 


oa = 


4000 3291 6 13.68 
5 1645 11 | 6:84 


. troy— 20 16 7 5.02 
uri | 10]. 8 3 10.51 


5 4 1 13.25 
oz. 6 * 6 9.32 | 
PW. 99 7-90 | 
gr. abi 45 4 


1 


Anſwer. | 5624 10 1 181 7 | 
Ex. II. In 5624 pounds 10 ounces. 14, droms 


Avoirdupoiſe, Qu. How mock 7 "7 are ? 
(See page 164.) 


Pounds 600| 729 2 0 ©, p 1 
avoird.] 20] 24 3 13 8 
I | 


44": 1 10. 16 
OZ. 10 9 4 7 
dr. 12 1 „ l 


Anfper. b. 50 6 9 ball 


| | 
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THIS ſcience treats of the nature} weight, 
preſſure, and ſpring of the air, and the 

effects ariſing therefrom. IT 
The pro- The air is that thin tranſparent fluid body in 
perties of which we live and breathe; It encompaſſes the 
ts whole earth to a conſiderable height; and, loge. 
ther with the clouds and vapours chat foat in it, 
is called the atmoſphere. The tir is juſtly Wl ©: 
reckoned among the number of fluids, becaue Wl © 
it has all the properties by which a fluid is d. a 
ſtinguiſned. For, it yields to the leaſt force WW © 
impreſſed, its parts are eaſily moved among one 
—— it preſſes —— to its N 4 

ar Height, and its preffure way e 

That the air is à fluid, con Ring c ſuch of 
Particles as have no coheſion betwixt them, but 
eafily 12 over one another, and yield Jo the 
Night impreſſion, appears from chat kae and 
freedom with which animals breatht in it, ao Wil © 
move through it without any difficulty or ſen- n 


ſible refiftance. ' | ry 

But ft differs from all other fluids in the three n 
following particulars. x. Tt can be compreſſed he 
into a much leſs ſpace than v hat it natttraſiy pa = 
ſeſſeth, which no other fluid can. 2. It cannot be Jer 


congealed or fixed, as other ffuids may. 3- | 
is of a different denſity in every, part, upward 
from the earth's ſurface, decreaſing in its weight, 
bulk for bulk, the higher it riſes ;. and ore 
muſt alſo decreaſe in denſity. 4. It is 3 

| 3 elaſt 


—— ” p 


2228 nature, and the force af its 
ing is equal to its weight. 12 
Tt ai is a body, is evident from its ex- 
cluding all other bodies put of the ſpace it poſ- 
ſeſſes: for, if a glaſs jar be plunged with its 
mouth downward into a veſſel of water, there 
will but very little water get into the jar, becauſe 
the air of which it is full keeps the water our. 
As air is a body, it muſt needs have gravity 
or weight: and that it is weighty, s demon- 
ſtrated by experiment. For, let the air be 
taken out of a veſſel by means of the air-pump, 
then, having weighed the veſſel, let in the air 
again, and upon weighing it when re- filled with 
air, it will be found conſiderably heavier. Thus, 
a bottle that holds a wine quart, being emptied 
of air and weighed, is found to be about 1 7 
grains lighter chan when the air is let into it 


— again; which ſhews that a quart of air weighs 
U 17 grains. But a quart of water weighs 14625 
rich rains; this divided by 17, quotes 860 in round 


numbers; which ſhews, that water is 860 times 


— as heavy as air near the ſurface of the earth. 
and As the air riſes above the earth's ſurface, it 
and WY £25 rarer, and conſequently lighter, bulk for 


bulk, For fince it is of ag elaſtic or ſpringy 
nature, and its lowernaſt fe are preſſed with 
the weight of all that is above them, it is plain 
that the air muſt be more denſe or compact at 
the earth's ſurface, than at any beight above it; 
and gradually rarer the higher up. For, the 
denſity of the air is always mo force that 
cmpealigh it: - therefore, the air are 
upper parts of the atmoſphere being leſs 
preſſed than that which is near the earth, It will 
expand itſelf, and thereby became thinner than 

a the earth's ſurface. * d; 
; M 4 Dr. 
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Dr. Cotes has demonſtrated, that if 'altirudes 
in the air be taken in arithmetical proportion 
the rarity of the air will be in er 
portion. For r 7 
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And hence it #5 to prove by calculation 
that a cubic inch of _ air as we- breathe, 
would be ſo much rarefied at the altitude of 30 us 
miles, that it would fill a ſphere Rs in da- unte 

meter to the orbit of Saturn. 

The weight or preſſure of the air is eu 
determined by the following experiment. 

he Take a glaſs tube about three feer Jong, and 
ricellian open at one end; fill it with quickſtlver, and "nd. 
experi putting your finger upon the open end, tun 
as that end downward, and immerſe it into _ te . 


el 


eſſel of quickſilver, without letting in any air: 
then take away your finger, and the quickſilver 
vill remain ſuſpended. in the tube 295 inches 
above its ſurface in the veſſel; ſometimes more, 
and at other times leſs, as the weight of, the 
ur is varied by winds and other cauſes. That 
the quick ſilver is kept up in the tube by the 
reſſure of the atmoſphere upon that in the ba- 
Jon, is evident; for, if the baſon and tube be 
ut under a glaſs, and the air be then taken out 
f the glaſs, all the quick ſilver in the tube will 
al down into the baſon; and if the air be let in 
gain, the quickſilver will riſe to the ſame 
ight as before. Therefore the air's preſſure 
jn the ſurface of the earth, is equal to the 
ight of 294 inches depth of quickſilver all 
ver the earth's ſurface, at a mean rate. | 

A ſquare-column. of quickſilver, 294 inches 
zh, and one inch thick, weighs juſt 15 
jounds, which is equal to the. preſſure of air 
pon every ſquare inch of the earth's ſurface ; 
nd 144 times as much, or 2160 pounds, upon 
rery ſquare foot; becauſe a ſquare foot con- 
ans 144 ſquare inches. At this rate, a mid- 
ſized man, whoſe ſurface may be about 14 
quare fret, ſuſtains a preſſure of 30240 pounds, 
den the air is of a mean gravity : a preſſure 
nich would be inſupportable, and even fatal 
us, were it not equal on every. part, and 
bunterbalanced by the ſpring of the air within 
vhich is diffuſed through the whole body; 
de. acts with an equal force againſt the out- 
ud preſſure. | 8 

Now, ſince the earth's ſurface contains (in 
und numbers) 200,000,000 ſquare miles, and 
( every ſquare mile 27,878, 400 ſquare feet, 


i muſt be 5,575,050,000.000,000 ſquare 
=p. da 


35 & 


190 


The bare. In ſerene calm weather, the air hat weig 


Mater. 


kewl 


piſton or bucket, hen the air above it in lit 


| prolly is equal in weight to a column 
_—_ 


feet on the earth's ſurface ; which | 
2160 pounds (the preſſure on each ſquare foy 

es 12,043,468, ee | 
preſſure or weight of che whole 


W hen the end of a pipe pe i immedi 
and the air is taken out of t . 

will riſe in it to the height of 33 Pwr 
the furface of the water in which it is — 
but will go no higher: for it is found, tha 
common pump will draw water no higher i! 
33 feet above the ſurface of the well: and 
the bucket goes within that diſtance from ü 
well, the water will never get above it. Nox 
as it is the preſſure of the atm ont 
ſurface of the water in the well, chat cauſes! 
water to aſcend in the pump, and fa! 


45 it is evident, that a column of water 


ver of the fame diameter, 397 inch 

and to as thick a column of aw; 
ing om the earth's furface to the top of t 
atmoſphere. 


enough to ſupport a column of quickfilver 2 
mches high ; but in 8 ſtormy vc wel 
ther, not above 28 inches. The quick ian 
thus fupported in a glaſs tube, is found 0 de il 
nice counterbalance to the weight or prefſur 


the air, and to ſhew its alterations at diffea_g;; .. 
times. And being now generally uſed i ex 
note the changes in the weight of the air ren. 


of the weather conſequent — chem, 18 
called the barometer, or weather- g. 
The preſſure of the air — =: hl ou 
tides of a body expoſed to it, the ſ 


Of Pnenmatity. 
tain this preffure without ſuffering any change 
| their figure; and {6 do the wel Erirce bodies 


thout being broke. rage 
The air is rarefied, or made to ſwell with 


ted by the fun, or otherwiſe, it will ſwell, 
nd thereby affect the adjacent air: and fo, by 
urious degrees of heat in different places, there 
ill ariſe various winds. b N 
When the air is much heated, it will aſcend 
wards the upper — of the atmoſphere, and 

adjacent air will ruſh in to ſupply its place; 
d therefore, there will be a ſtream or current 
f air from all parts towards the place where 
e heat is And hence we ſee the reaſon why 
e air ruſhes with ſuch force into a glaſs-honſe, 
towards any place where a great fire is made, 
Ind alſo, why fmoke is carried up a chimney, 
d why the air ruſhes in at the key-hole of the 
bor, or any ſmall chink, when there is a fire 
the room. So we may take it in general, that 
ur will preſs towards that part of the world 
here it is moſt heated; n 


nes perpendicularly en any part of the earth, 
vill heat the aĩt very much in that part, which 
will therefore riſe upward, and when the fun 
tdraws, the adjacent air will ruſh in to fill its 
e; and conſequently will cauſe a ſtream or 
rent of air from all parts towards that which 
moſt heated by the ſun. But as the fun, with 
pect to the earth, moves from eaſt to weſt, 
e common -courſe of the air will be that way 
o continually preſſing after the fm: and 
| therefore, 


eat; and of this property, wind is a neceſſury The canſe 
ſequence. For, when any of the air is of winds, 


Upon this principle, we can euſily account for The | 
e ade minds, which blow conſtantly from eaſt rade. 
welt about the Equator. * For, when the ſun . 
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therefore, at the equator, where the ſun ſhing 
ſtrongly, there will be a continual wind frog 

the eaſt; but, on the north ſide, it will inchs 
a little to the north, and on the ſouth ſide; i 
the ſouth, ; #16440 Vile 5 
This general courſe of the wind about th 
equator, is changed in ſeveral places, ul 
upon ſeveral accounts; as, 1. By. exhalation 
that riſe out of the earth at certain um 
and from certain places; in earthquake 
and from volcano'ss 2. By the falling « 
reat quantities of rain, cauſing | thereby 
tudden condenſation or contraction of the a 
3. By burning ſands, that often retain. the foly 
heat to a degree incredible to thoſe who has 
not felt it, cauſing a more than ordinary 
faction of the air contiguous to them, 4.1 
high gr which alter the direction of i 
winds in ſtriking . againſt them. 5. By t 
declination of oh y 4 towards che? north 
ſouth, heating the air on the north or ſouth f 
of the equator. — 

: The an- To theſe and ſuch like cauſes is owing 1. H 

*. irregularity and uncertainty of winds. inclimdl 

diſtant from the equator, as in moſt! parts 

Europe. 2, 'Thoſe periodical winds, cal 

monſoons, which in the Indian ſeas blow tall 
| year one way, and the other half anotie 
| 3. Thoſe winds which on the coaſt of Gui 
| 

| 


and on the weſtern coaſts of America, blos 
ways from weſt to eaſt. 4. The ſea-t 
. which, in hot countries, blow generally. in 
ſea to land, in the day-time; and the 
breezes, which blow in the night; and, in fe 
all thoſe ſtorms, hurricanes, whirlwinds, 1 
regularities, which happen at different in 
and places, | : Saab 


All common air is impregnated with a cer- The 
an kind of vivifying ſpirit or quality, which 851 2 
xeceſſary to continue the lives of animals: bn 
is, in a gallon of air, is ſufficient for one man ä 
juring the ſpace” of a minute, and not much 

| | ' | 39/9 QUEL20 UH? ness 


anger. "AY 

This ſpirit in air is by paſſing 
rough the lungs of animals: and hence it is, 
hat an animal dies ſoon; after being put undet 
veſſel which admits no freſh'air to come to it. 
This ſpirit is alſo in the air Which is in water; 
or fiſh die when they are excluded from freſh 
ir, as in a pond that is cloſely frozen over. 
nd the little eggs of inſects, ſtopped up ia a 
laſs, do not produce their young, though 
ſited by a kindly warmth. © The ſeeds alſo of 
plants mixed with good earth, and incloſed in 

glaſs, will not gros. 

This enlivening quality in air, is alſo de- 

royed by the air's paſſing through fire; parti - 

ularly charcoal fire, or the flame of ſulphur.” 

ence, ſmoking chimneys” muſt be very un- 
boleſome, eſpecially if the rooms they are in 

e ſmall and cloſmſqm. GAIA 

Air is alſo vitiated, by remaining cloſely 

ent up in any place for a conſiderable time; 

r perhaps, - by being mixed with malignant 

cams and particles flowing from the neighbour- 

g bodies; or laſtly ; by the corruption of the 
vitying ſpirit; as in the holds of ſhips," in 
Cilterns, or wine-cellats, which have been 

ut for a conſiderable time. The air in any of 

bem is ſometimes ſo much vitiated, as to be im- 

d1ate death to any animal that comes into it. 

Air that has loſt its vivifying ſpirit, is called Dan 
"np, not only becauſe it is filled with humid 

© moilt vapours, but becauſe it dradens fire, 
extin- 


extipguiſhes flame, and deſtroys liſe. The 
dreadful effects of damps are emen 8. 
to a mines. ag 7 ons * 
If part of the vi pirit ain * 
country begins to noe e inhabitants of he 
country will be ſubj ect to an epidemical dileaky 
which will * . until the putrefäction i 
over. And as the putrefy ing  oecalion 
the diſeaſe, ſo if the diſeaſed A body -contribus 
towards the putrefying of the N 
eaſe will not only be epidemical, but peſtientul 
and.contagious 
The atmoſphere is the common receptack 
all the effluvia or vapours ari 
bodies; of the. deans nd mk of ig a 
or melted ; the fogs or rs 
watery places; ol of dh ene 925 
ſulphureous, nitrous, acid, and alkaline bodies 
In ſhort, whatever may be called volatile, ric 
in the air to greater or leſs heights cdu 
to its ſpecific gravit. 
Fermenta. When the efluvia, which ai om: pay 
in. alkaline bodies, meet each other in the al 
5 there will be a ſtrong conflict or fermentdlion by 
tween them; which will ſometimes be ſo great 
as to produce a fire; then if the eſſſuvia it 
combuttible, the fire will run from ons part 0 
8 juſt as che inflammable n happen 
to lie. 

Any one may e i bag 
an acid and an alkaline fluid together, 45 it 
ſpirit of nitre and oil of eloves; upon the doug 
of which, a ſudden ferment, with a fine flame 
will ariſe; and if the ingredients be very | 
and ſtrong, there will be a ſudden cx 

Thunder Whoever : conſiders the effects 


and It. tion, cannot be at a los to account for 
ung. 


Of Pmeumatics. 


readful effects of thunder and /ightuing « for the, 
via of ſulphureous and nitrous bodies, and 
lets that may rife into the atmoſphere, will 
ment with each other, and take fire very often 
5 ſometimes by 25 ee 00m: 
n's heat. 

If he gene matter be thin and gks,. 
will riſe to the upper part o r 
here it will flaſh without doing any 

if it be denſe, it will lie neerer the ſur- 
ce of pres 22 — Fa — 
wit Z1Ng tore, 8 7 4s. 
ey and drive away the ain, Kill men and 
le, ſplit trees, walls, rocks, &cc. and be ge- 
mpanied — — claps of thunder. 

The heat © pears to be quite, 
_—_ from — —— fires; for. = 
1 known to run through wood, leather, 
th, &c. without hurting them, while it has 
den and melted iron, el filver, gold, and 
her hard bodies. Thus ic has meited or burnt 
under a ſword, without hurting the {cabbards 
d money in a man's pocket, 'without hurting 
$ cloaths : the reaſon of this ſeems to be, that 
e particles of the fire are ſo -fine, as to pals 
rough loft looſe bodies without diffolving 
em; whilſt they ſpend their whole force upon 
t is remarkable, that kaives and forks which, 
ave been ſtruck with lightaing have a very 
ong magnetical virtye for ſeyeral years after; 
d have heard that lightaing ſtriking upon 
e mariner's als, will ſometimes turn ic 
und; and often make it A 
I; or with the north pole towards the ſouth, 


F 


rr 


r 06 
. which 


Much of the fame kind wich lightning, are i. 
ic exploſions, called fukninating or fire-damps, dmr. 
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Tarib- 
guakes, 


| —— 4 ſulphureous and rom wu 
deckende ring riſing then 
; — ad mining the air, where the 


ſequently ſwell very much,” and ſoyi for 


wind when it breaks forth into che iro 4 


4. 


__ i 


| Of 
which ſometimes happen 


ights which — 

to 3 uſe wy The fire being kina_ 
run from one t of the mine to anothapl 
9 as the combuſtible 
Ie « wow pens to lic. And as the elaſticity of : 
is mcreaſed by heat, that in the mine 


room, will explode with a greater Of de 
of force, according to the denſity of ww 
buſtible vapour. It is ſometimes ſo 
to blow up the mine; and at orf²ʒ0 
weak, that when it has taken fire at ha 
of a candle, it is eaſily blown out. van 
Air that will take fire at the eee | 
may be produced/ thus. Havi 
wan Arg of the air- pump, let the uh run 
through the flame of the oil of 
remove the cover of the receiver, and 
candle to that air, it will take fire; wth 
—_ or flower, according to the "deny 
oleaginous vapour. » 6 0 
When ſuch combuſtible matter, a$i" 
mentioned,- kindles in the bowels off 2 | 
where there is little or no vent, i 
earthquakes, and violent ſtorms or hu 


An artificial earthquake may be 
Take 10 or 15 pounds of ſulphur, and 
of the filings of iron, and xnead then 
common water into the conſiſtence oa 
this being buried in the ground, ai 
10 hours _ burſt out in flames, and e 
AM 4 Ain I 
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Of the Are hunn. | 
the earth ro tremble ul} around to a conſiderable 


dance. 
'From this experiment le e en Wi | 
weount of the fire of mount Em, Peſwvine, 
ind other volcano's, chey —_— "| 
t fre ut fire by the mixture 
od folphurcovs articles. 
The 227 ing g in den thi dhe bs 2 er uv. 
wer pump, hoe ter un rſtands the ___ 
i 10 bh eg unde tand the other. 9 
put a wet lesther on the plite E. L. The ar- 
of the = Love s , bj che glaſs receiver” M bug. 
yyon the leather, 1 
1 the glaſs. Then, turning the 
handle F backward and forward, the air be 
out of the receiver; which" will then 


down'to the $0 preffure of che 
n 0 For, as the Handle 
(Fig. 2.) is turned back w. ir, miſes che" pj 
lon de in the barrel B means ef the 


whe Fand rack DAH: 155 che piſton is lea⸗ 
thered ſo tight 28 t6 ff the” barrel Ver bs 
ur can get between the piſtbn and barrel; 
therefore,” all the air above I in che a 
led up towards B, and a Vacuum is yr he 10 
the barrel from 7 to 51 u N 9 
ar in the receiver M (Fig. 1.) by 5 ſpring, 
abate Kr in the braſs plate 

, Pipe GCC (which ee 
dates with n oy I H ale 
(Fig. 2.) and pothing 


ito the 3 of, th the Nen "+ 125 
Aetever the refiſtance or pteſſure is taken off, 
be ur will run to that place, if it can find a 
ge. Then, as the bandle F be turned 
ward,” the piſton de will be depteſted in the 
bare); and, as the air which had got into 8 

N barre 
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barrel cannot be puſhed back 


puſhes out another, by its ſpri 


air taken out at any one ſtroke, will always A 
the denſity thereof 3 


again; and then the receiver becomes loole, 


fixed to the frame Eee by two ſcrew-outs/ 


Of the" Air. Pump. 


the valve 
b, it will aſcend —_ a hole in the pilton, 
and eſcape through the valve at 4 and he hin 
dered by that valve from rc into the bar 
rel, when the piſton is again raiſed. At the 
next raiſing of the piſton, à vacuum 1s agau 
made in the ſame manner as . — 
and e; upon which more of the ait, n 
left in the receiver M, gets out thence by 
ſpring, and runs into the barrel .B | BE ve 
e valve B. The ſame; thing 
ſtood with regard to de a bartel At, | 
as the handle F is turned backwards and. for 
wards, it alternately raiſes and de the pi 
ſtons in their barrels; always 1 one whit 
it depreſſes the other. And, as there is 4 
cuum made in each barrel when, its; piſton i 
raiſed, every particle of air in the receiver 


5 elaſticity 


through the hole i, and p 
mein al at laſt the air in HO 
be bi rs, dilated, ang | its ſpring ping en 
ene t it can no longer get 
valves; and then no more can he taken o. 
Hence, there is no ſuch thing as making a pe 
fect vacuum in he receiver; for the quantity 


in the receiver: and 
fore it is impoſſible to take it all out, bern 
ſuppo poſing the receiver and barrels of equal c 
pacity, there will be always as much left as m 
taken out at the laſt turn of the handle. 

There, is a cock & below the pump-plat 
which being turned, lets the air into the receiv 


may be taken off the plate. The barrels ® 


Which 


Of thi A Pump.” „ 


uch preſs down the top- piece E upon the bar- | 
wm 7 md the be N H (in Fig. 2.) is | 
ar ned by a box, as G I in Fig. 1. 1 
ba There is a glaſs tube Jmmmn open at both | 

"WF", and about 34 inches long; the upper end 12 | 
ung amunicating with the hole in the pump+plate, | | 


eng the lower end immerſed in quick ſilver at »' | 
be veſſel V. To this tube is fittetl a wooden | 
rn, called the gage, which is divided into 
hes and parts of an inch, from the bottom ar- 
(where it is even with the forface of the quick- 
Jer) and continued up to the top, a little 
pw /, to 30 or 31 inches. . 
Asthe air is pumped out of the receiver Moit is 
kewiſe pumped out of the glaſs tube i, be-' 
| that tube opens into the receiver t h 
pump- plate; and as the tube is gradually 
pptied of air, the quickfilver in the veſſel N is 
red up into the tube by the preſſure of the | 
moſphere, And if the — be per- | 
aly exhauſted of air, the quickfilver would | 
id as high in the tube, as it does at that time | 
| 


— — ͤ p —U— 


— — 


m barometer : for it is ſupported by the 
axmoſphere in 


ne power or weight of the 


5 

* The quantity of air exhauſted ot of the're- 

* Iver on each turn of the handle, is always pro- 
lonable to the aſcent of the quiekfilver'on 

1 turn; and the quantity of air remaining in 

1 rceiwer, is proportiohable to the defect of 


height of the quickſilver in the gage, from 
ut it is at that time ir the barometer.. 
| ſhall now give an account of the experiments 
lt with the air-pump in my jectutes;  ſhew- 
the © Tefiſtance, weight, 18 of the” 


s/þ 334-34 i: byBugt 2 Bf1:'7S « als 
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Fig. 1. plate, and having exhauſted the receiver of # 


df its 1 than e the fade 
of J. 


Of the Ar-Pump. ) 
J. To fes dene, 


. 


1. There is a little machine, cd 
Sr: @ and I, which, are of equal weights, 
of each other, and turn equally fn 
on L axes in the frame. Each z | 
thin arms or ſails, fixed into the 8 thole 
te exile have their planes at, righ ri 2 
axis, and thoſe of þ have their planes parallel 
it. Therefore, as the mill a turns madly in cc 
mon air, it is but little reliſted thereby, 
it's ſails cut the air with their thin 
the mill & is much, reliſted, becauſe 
ſides of it's fails move againſt the air whe 
turns round. In each axle js a pin 4 
middle of the frame, which goes quite throug 
the axle, and ſtands out a little on eachilide of 
upon theſe pins, the ſlider d may be made to be 
and ſo hinder the mills from going, When 
ſtrong ſpring c is ſet on bend 1 dppol 
ends of the pins. 44 
. Having Jet this machine = hl | 
plats .. (Fig. 1.) draw, u ied 1 
pins on one ſide, and ſet the bl: 
upon the © ls nc fre pine ba | 
5 the ſlider d, and the 
ſtrong upon cd mill, will ch bn 
with equal forces and velocities: but 2 85 
will run much longer than the mill A 
air makes much leſs reſiſtance the ed 


of, the i 


| Draw up the ſlider Sin, and for the he 
upon the pins as 4s. oy then cover the 1 
chine with the receiver A upon the pun 
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ut down the wire PP (through the collar of 
athers in the neck g) upon the ſlider ; which 
| diſen it from the pins, and allow'the 
u to turn round by the impulſe of the ſpring : 
Ia there is no air in the receiver to m = 
alble reſiſtance againſt them, they will- 
me a conſiderable time longer than they did 
the open air; and the moment that one ſtops, 
te other will do ſo too.— This ſhews that air 
liſts bodies in motion, and that equal bodies 


ect with different of reſiſtance; accord 
r, in the planes of their motions. 


2. Take off the receiver M, and the m 
nd having put the guinea and feacher + 
he braſs flap c, turn up the flap, and ſhut it into 
he notch d. Then, parting a wet leather over 
hetopof the tall receiver 4 n 
t top and bottom) cover it with the plate C, 
m which the guinea-and-feather rongs d will 
den hang within the receiver. This done, pump 
e air out of the receiver; and then dra up 
be wire f a little, which by a ſquare piece on its 
er end will open the tongs'ed; and the 
ung down as at c, the guinea and feather wi 
end with equal velocities in the receiver z 
nd both will fal the pump-plate at the 
inſtant, * V. B. In this experiment, the 
erversought not to look at the top, but at the 
tom of the receiver z in order to ſee the gui- 
a and feather fall upon the place : otherwiſe, 
account of the quickneſs'of their motion, they 
|| eſcape the fight of the be N on 


Is f Fig. 4. 


* ” 9 
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Florence flaſk, whoſe contents are exact i 


the air will ruſh into the flaſk with an audit 


leſs when it ſtands lower. 


Of. the Air-Pump, 
II. To fhew the weight of thy dit. 


1. Having fitted .a braſs cap, with 1 
tied over it to the mouth of a thin bott. 


ſcrew the neck of this cap into the Hole i of tf 
pump - plate: then, having exhauſted: che air ou 
of the flaſk, and taken it off from the pump l 
it be ſuſpended at one end of a balance and nia 
counterpoiſed by weights in the ſeale at the othe 
end: this done, raiſe up the valve With a pin, u 


noiſe : during which time, the flaſk it deſcen 
and pull down that end of the beam. »When de 
noſe is over, put as many grains into the ſcak: 
the other and « as will reſtore che equilibrium 
and they will ſhew exactly the weigh of th 
quantity of air Which has got into the flaſk, and 
filled it. If the flaſk holds an exact quan, 
will be found, that 17 grains will feſtbre the 
equipoiſe of the balance, when the quickſi 
flands at 29 inches in the barometer: whid 
ſhews, that when the air is at a mean rate af de 
ſity, a quart of it weighs 17 grains: it weigh 
more when the quickſilver ſtands higher; 1 


2. Place the ſmall receiver O (Fig; 1) per th 
hole i in the pump plate, and upon exhauſtin 
the air, the receiver will be fixed doun to te 
plate by the preſſure of the air on its dutbe 
which is left to act alone, without any sir in tht 
receiver to act againſt it: and this preſſure 
be equal to as many times 15 pounds, a8 den 
are ſquare inches in that part of the plate whic 
the receiver covers; which will hold down Ut 
receiver ſo faſt, that it cannot be got off, uni 


Of the - Air-Pump. 
the air be let into it by turning the cock æ 3 and 
then it becomes looſe. - | | 

3. Set the little glaſs 45 (which is open at 
both ends) over the hole i the ＋ n 
LL, and put your hand cloſe upon the tap of it 
at he then upon exhauſting the air out of the 


2 great weight upon it; ſo that you can hardl 
dae it, — the oor be readmitted into bo 
glaſs by turning the cock &; which air, by act- 
ing as ſtrongly upward againſt the hand as the 
external air acted in preſſing it downward, will 
releaſe the hand from its confinement. - 

4. Having tied a 2 of wet bladder þ over 
the open top of the g 
botrom) ſet it to dry, and then; the bladder will 
be tight like a drum. Then place the open end 
Aupon the pump: plate, over the hole i, and 
begin to exhauſt the air out of the glaſs. As 
the air is exhauſting, its ſpring in the glaſs will 
be weakened, and give way to the preſſure of the 
outward air on the bladder, which, as it is preſ- 
ed down, will put on a ſpherical concave figure, 
which will grow deeper and deeper, until the 
ſtrength of the bladder be overcome by the 
weight of the air; and then it will break with a 
report as loud as that of a gun.— If a flat piece 
glaſs be laid upon the open top of this te- 
ceiver, and joined to it by a flat ring of wet 
kuher between them; upon pumping the air 
vut of the receiver, the preſſure of the outward. 
ar upon the flat glaſs | will break it all to 
5. Immerſe the neck cd of the hollow glaſs 


{t it upon the pump-plate, and cover it and the 
ole i with the cloſe * then begin 
4 to 


glaſs, you will find your hand preſſed down with 


is 4 (which is alſo open at Fige & 


ball eh in water, contained in the phial 46 ; then Fig. 7. 


; 


— — 


Fig. 8 


H, and putting the tube through a hole in ia 


below: the piſton; and as the 


Of - the A.- Pump. 
co out the air. As che air out of the 
AE by its ſpring, it will * bythe lane 
means go out of the hollow ball e d, the 
neck d c, and riſe up in bubles to the of 
the water in the phial ; from whence it ill make 
its way, with the reſt of the air in the zeceive, 
through the air-pipe G G and valves 6 and b, i. 
to the open air. When it has done-bubbling i 
the phial, the ball is ſufficiently exhauſted; and 
then, upon turning the cock &, the air will 

into the receiver, and preſs ſo upon the ſurfer 
of the water in the phial, as to force the water 
up into the ball in a jet, through the neck ci: 
and will fill the ball almoſt full of water. The 
reaſon, why the ball is not quite filled, is hecauſ 
all the air could not be taken out of it; and the 
22 that was left in, and had expandei 
itſelf fo as to fill the whole ball, is now condenſei 
into the ſame ſtate as the outward. air, and w 
mains in a ſmall bubble at the top of the ball; 
ng "ay the water from filling that pan d 
[i . 5 ai <7 THEE f Kenn 

6. Pour ſome quickfilver into the jar D, and 
ſet it on the pump- plate near the hole i the 
ſet on the tall open receiver A B, ſo as to he ou 
the jar and hole; and cover the receiver with ily 
brals plate C. Screw the open glaſs nube /f 
(which has a braſs top on it at ;) into the ſyting 


middle of the plate, fo as to immerſe the love! 
end of the tube # in the quickſilver at D fcrev 
the end þ of the ſyringe into the plate. Tl 
done, draw up the piſton in the ſyringe by tht 
ring I which will make a vacuum in the fyriogs 
end of the 
tube opens into the ſyringe, the air will be & 
Jated in the tube, becauſe part Hy 


- 


Of the Ar- Pump, 
up into the ſyringe z' and the ſpring of the 
— air in the receiver acting upon the 
ſurface of the quickſilver in the jar, will force 
part of it up into the tube: for the quickſilver 


way, and for the ſame reaſon, that water follows 
the piſton of a common pump when it is raiſed 
in the pump- barrel; and this, according to ſome, 
1s done by ſuction. But to refute that erroneous 
notion, let the air be out of the receiver 
AB, and then all the quickſilvet in the tube will 
fall down by its own weight into the jar; and can» 


ESE RESS 


5 


cd; ¶ not be again raiſed one hair's breadth in the tube 
The by working the ſyringe: which ſhews that ſuc- 
zuk von bad no hand in raiſing the quickſilver; and, 
\the Wo prove that it is done by preſſure, let the air 
ded into the receiver by the cock & (Fig. 1.) and ita 
nlel action upon the ſurface of the quickfilrer inthe 


| 16 will raiſe it up into the tube, although the 
all; Wpiſton of the ſyringe continues motionleſs. If 
ne tube be about 32 or 33 inches high, the 


guickſilver will riſe in it very near as high as it 


E 


ſyringe has a ſmall hole, as m, near the top 
f it, and the piſton be drawn up above that hole, 
ar will ruſh- through the hole into the ſy- 


lately fall down into the jar. If this 


pumped up into the tube to the ſame height that 
ſtands in the barometer; but it will go no 
lgher, becauſe then the weight of the column in 

tube is the ſame as the weight of a column of 


4 


ZAS 


inge r of the ſame thickneſs with the quickfilver, 

face reaching from the earth to the top of the 

e & "Ie phere, | N | A 14 : | 

— | 7. Hav- 
gh ZE 


will follow the piſton in the ſyringe, in the ſame 


tands at that time in the barometer. And, if 


inge and tube, and the quickfilver will imme - 
part of the 
pparatus be air- tight, the 7 may be 
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Fig, 9- 


receiver by the cock &, and the quickfilyer vil 


Of the Air- Pump; 
© ». Having placed the jar A, with ſomequick 
filver in it, on the pump-plate;' as in the lat 
experiment, cover it with the receiver ; "then 
puſh the open end of the glaſs tube d 
the collar of leathers in the braſs neck C (which 
it fits ſo as to be air - tight) almoſt down to the 
quickſilver in the jar. Then exhauſt che ur 
out of the receiver, and it will alſo come out of 
the tube, becauſe the tube is cloſe at top. When 
the gauge mm ſhews that the receiver is well 
exhauſted, puſh down the tube, ſo as to immerſe 
its lower end into the quickfilver in the jar. 
Now, although the tube be exhauſted of air, 
none of the quickſilver will riſe into it, becauſe 


there is no air left in the receiver to prels upon 


its ſurface in the jar. But let the air into the 


immediately riſe in the tube; and ſtand as bigh 
in it, as it was pumped up in the laſt expen- 

Both theſe experiments ſhew, that the quick: 
filver is ſupported in the barometer by the pre 
ſure of the air on its furface in the box, in which 
the open end. of the tube is placed. And d 
the more denſe and heavy the air is, the tight! 
does the qujckſilver riſe; and, on the contrary, 
the thinner and lighter the ait ia, the more vil 
the quickſilver fall. For if the handle I be 
turned ever ſo. little, it takes ſome air out af tie 
receiver, by raiſing one or other of the piſtan u 
its barrel; and conſequently, that which remans 
in the teceiver is ſo much the rarer, and þas f 
much the leſs ſpring and weight and theupos 
the quickſilver falls a little in che tube: hut up 
on turning the cock, and re- admitting the W 


into the receiver, it becomes as weighty es be 


fore, and the quick · ſilver riſes again to the 2 


SEE EEE TEATSSSESESRETSSSSHE 


Of the Air Pump. 

height. — Thos we ſee the reaſon why the quick- 
filver in the barometer falls before rain or ſnow, 
and riſes before fair weather; for, in the former 
caſe, the air is too thin and light to bear up the 

vapours, and in = latter, * Graſe and pag Ba 
let them fall. 

VN. B. Jn all-encreurial ee wich" the 


ar pump, a ſhort pipe muſt be ſcrewed into the 


hole i, ſo as to riſe about an inch above the plate, 
to prevent the quiekſilver from getting into the 
air-pipe and barrels, in caſe any of ir ſhould be 
accidentally ſpilt over the jar: for if it once gets 
nto the pipes or barrels, it ſpoils them, by 
looſening "theiſolder, and corroding, the bras. 

8. Take the tube out of the receiver, and put 
one end of à bit of dry hazel branch, about an 
inch long, tight into the hole, and the other end 
tight into a hole quite through the bottom of a 
mall wooden. cup: then pour ſome quickſilver 
into the cup, and exhauſt the receiver of air, and 
the preſſure of the outward air, on the ſurface 
of the quick ſilver, will force it through rhe 
of the hazel, from whence it will deſce 
beautiful ſhower into a 8 PREIE under wer 0 
ceiver to catch iti. 

9. Put a wire through the collar of leathers ty 


the top of the receiver, and fix à bit of dry wood 


on the end . wire within the teceiver ;/ then 
exhauſt the air, and puſh the wire down, ſo as to 
immerſe the — — A F 
pump- plate; this done, os air, and upon 
king the wood our of the jar, and ſplitting it, 
Its pores will be found full of quickſilver, which 
the force of the air, upon am. ler imo the ge. 
ceiver, droye into the wood. 
10. Join the two braſs hemiſſ cups 
Btogether, with a wet leather between them, hav- 


T ing 
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end D of the pipe CD into the plate of 


_ k, the air will preſs ſo ſtrongiy upon the foull 


A 


receiver O, as to fix it down to the plate z and u 


Of the Air.- Pump. 
ing a hole in the middle of it; then ſcrew the 
the 


pump at i, and turn the cock E, ſo as the 
may be open all the way into the cavity oh 
hemiſpheres : then exhauſt the air out ot them 
and turn the cock a quarter round, which wil 
ſhut the pipe C D, and keep out the air. This 
done, unſcrew the pipe at D from the 5 
and ſcrew the piece Fb upon it at D; and 
two ſtrong men try to pull the hemiſpheres aſun- 
der by the rings £ and b, which they will find 
hard to do: for if the diameter of the hems 
ſpheres be four inches, they will be preſſed to 
gether by the external air with a farce equal u 
188 pounds. And to ſhew that it is the preflure 
of the air that keeps. them together, hang them 
by either of the rings upon the hook S of the | 
wire in the receiver M (Fig, 1.) and upon e. 
hauſting the air out of the receiver, they will fall 
aſunder of themſelves. | 1 103 1 67% 
11. Place a ſmall receiver O (Fig. 1.) neus the 
hole i on the pump- plate, and cover both it ana 
the hole with the receiver A; aN, tun the 
wire ſo by the top P, that its hook may tube 
hold of the little receiver by a ring at iti sap. 
allowing that receiver to ſtand with 1ty ovn 
weight on the plate. Then, working the 
the air will come out of hoth receiers; 
— the large one M will be forcibiy held donn 
to the pump by the preſſure of the external air 
whilſt the ſmall one O, having no air to preſup 
on it, will continue looſe, and may be dawn up 
and let down at pleaſure, by the wire PP. Hut. 
upon letting it quite down to the plate, and ad. 
mitting the air into the receiver M4; by the cock 


Frs. 
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Of the Air-Pumy, 459 
the ſame time, by counterbalancing the outward 
refſure on the large receiver M, it will become 
ſe. This experiment evidently ſhews, that 
the receivers are held down by preſſure, and 
not by ſucl ion, for the internal receiver conti- 
nued looſe whilſt. the operator was pumping, and 
the external one was held down; but the emer ' 
became faſt immediately by, letting in the air 
upon it. bac th | 
17 Screw the end A of the braſs pipe ABF 
into the hole of the pump -: plate, turn the 
cock e until, the pipe be open then put a wet 
leather upon the a <4 which is fixed on the 
pipe cover it with the tall receiver GH, | 
which is cloſe at top : then exhauſt the air our | 
of the e | 
out; which done, unſcrew the pipe from the 
2 of water, 


Fig. 11. 


13. Set the 14.) u n the 
pump-plate, ; with the wire 
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* bladder, and put it under a receivers W 


F ig. 7. 


Fig. 11. 


Of the Air- Pump. 


preſſure like an arch, without breaking ; but a 
its ſides are flat, it cannſſm. 


Fe em ibe elifticlty or ſpring I the dr. 
14. Tie up à very ſmall quantity of air ins 


the air out of the receiver; and the ſmall quan- 
tity which is confined in the bladder (having bo- 
thing to act "againſt ir) wilt expand itſelf fo by pu 
the force of its ſpring, as to fill the bladder i 
full as it could be blown of common air. But 
upon letting che air into the receiver again, it err 
will overpower the air in the bladder, and pres N d 


its ſides almoſt cloſe together. 120 
© 15. If the bladder fo tied up be put into 1 ere. 
wooden box, and have zo or 30 pounds weight 
of lead put upon it in the box, and the box'be 
covered with a cloſe receiver; upon exhavſting 
the air out of the receiver, that air which is co b 
fined in the blader will expand itſelf fo, as ro tate nt 
up all the lead by the force of its ſpring : Wi» 
16. Takethe glaſs ball mentioned in the fifth 
experiment, which was left full of water all bur 
4 ſmall bubble of air at top; and having ſet it 
with its neck downward into the empty pft b 
and covered it with a cloſe receiver, exhauſt the 20 
ar out of the receiver, and the fmall bubbles “ = 
air in the top of the ball will expand itſelf, W] Met 
0 ek all che water out of the ball Ar e 
pal. e „ 21. 11h ie 
17. Screw the pipe 4 B into the pomp- phate e 
place the lt rect G H upon he — 1 
in the twelfth experiment, and exhauſt th t 
out of the receiyery then, turn the cock f 10 


Keep out the ait; unſcrew the pipe from the 
pump, and ſere w it into the — 15 , ted | 


Of the Ar- Pump. 194 
veſſel CC (Fig. 15.) the veſſel having frſt been 
about half filled with water. Then open che 
cock e (Fig. 11.) and the ſpring of the air which 
is con in the copper veſſel will force the 
water up through the pipe 4 in a jet into the 

exhauſted receiver, as ſtrongly as it did by its 
preſſure on the ſurface of the waterin a baſon, in 
the twelfth experiment. 

18. If a fowl, a cat, rat, mouſe; or bird, be 
put under a receiver, and the air be exhauſted, 
te animal will be at firſt öppreſſed as with a 
great weight, then grow convulſed, and at laſt 
expire in of a moſt bitter and 
quel death. But as chis experiment is too 
ſhockin to every ſpeftator who has the leaſt de- 
gree of humanity, we ſubſtitute a machine called 
= y 5-plaſs in warn the animal. | 

f a butterff be ſuſpended in a receiver, 

by * thread tied to one of its horns, it will fly 
about in the receiver, as long as the receiver 
continues full of air; but if the air be exhauſted, 
though the animal will not die, and will continue 
io flutter its wings, it cannot remove itſelf from 
the place where it hangs in the middle of the re- 
wer, until the air be let in again, and then the 
zimal will fly about as before. 
20. Pour ſome quickſilyerinto the ſimall bottle Fig. 12. 
and ſcre the collar c of the tube BC 
nto the braſs neck · of the bottle, and the lower 
ndof the tube will be immerſed into the quick - 
lver, ſo that the air above the quickſilver in the 
bottle will be confined there, becauſe it cannot 
et out about the joinings, nor can it be drawn 
ut through the quickſilver into the tube. This 
abe is alſo open at top, and is to be covered with 
he receiver & and large tube E F, which tube is 


r 


td by braſs collars to the receiver, and! is cloſe 
at 


a Ansa nr err 


Fig. 13. 


the plate g. this done, ſhut the pipe F. by um ce1\ 


be af equal denſity in both; and then they vil 


hauſt the air hoth out of the receiver and in 


its open top at C; and as the receiver and tube 


This preparation being made, en 


at the top. 


tube; and the air will by the ſame meim 
be exhauſted out of the inner tube ; C,througi 


are exhauſting, the air that js confined in the gui 
bottle 4 will preſs. ſo by its ſpring upon the 
ſurface of the quickſilver, as to force it p in the 
inner tube as high as it was raiſed in the pint 
experiment by the preſſure of the | 
which demonſtrates that the ſpring of the air 
equivalent to ĩts weight. 
21. Screw the end C of the pipe CD into the 
hole of the pump · plate, and turn all the thre 
cocks d, G, and H, ſo as to open the communk 
cations between all the three pipes E, I, DC 
and the hollow trunk A B. hes, cover ht 
es g and þ with wet leathers, which hun 
les in their middle where the pipes open im 
the plates; and place the cloſe receiver I upo 


ing the cock H, and exhauſt the air out of the BY. 
receiver J. Then, turn the cock & to ſhut on 
the air, unſcrew the machine from the pu H kt 
and having ſcrewed it to the wooden foot L, pu 
the receiver K upon the plate hᷣ; this rec 
will continue looſe. on the plate as long 4 ! 
keeps full of air; which it will da until the co 
H be turned to open the communication betweel 
the pipes F and E, through the trunk A 1 
then the air in the receiver X, having nothing u 
act againſt its ſpring, will run from & into ij 
til it de {© divided between theſe receivers, a 


be held down with equal forces to their plates 
the preſſure of the atmoſphere s though ente 
receiver will then be kept down) but WR ll. 


Of the Ar ung 


when it was exhauſted of air j'becauſe it has now 


the ſpring of common air, will act wirxhin che 
mon air upon their outſides. This is called 
transferring the air out of one veſſtl into ano- 
ther. | : if A . & 


Es 


. 


the late with the wire cage B over it, 
ind er de with a cloſe receiver. Then, 
exhauſt the air out of thg receiver, and the air 
that was corked up in the phial will break the 
phial andy the force of its ſpring, becauſe 
there is no air left on the outſide of the phial 

at againſt-the air within it. 


22, Put a ſhrivelled apple under a cloſe re- 
ceiver, and exhauſt the air ; then the ſpring of 


tting the air into the receiver again, to preſs 


former decayed and ſhrivelled ſtate. 


23. Take a freſh e 


the egg under a receiver, and pump out the air; 
upon which, all the contents in the egg will be 
forced out into the reciver, by the expanſion of 
t mall bubble of ait cuntained in the great end, 
between the Mell and lm. 
14. Put ſome warm beer in u glaſs, and hav- 
ing ſet it on the pump, cover it with a cloſe re» 
wer, and them exhauſt the air. Whilſt this is. 
doing; and thereby W. * 
en 


r 


A” 


i 


E 6K. 


jalf of preffure-upon it, chat th receiver I ha, 
one half of the common air in id which filled 
the receiver K hen it was {et uptin che plate 
and therefore, a force equal to Ralf the force, of 


receivers againſt the whole preſſure of the com- 


22. Put a cork into the ſquare phial A. and Fig. 14. 
fx it in with wax or cement; put the phial upon 


the air within the apple will plump it out, ſo as 
to cauſe all the wrinkles diſappear; but upon 


upon the apple, it will inſtantly return to its 


29, and cut off a little of 
the ſhell and film from its ſmalleſt end, then put 
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| taken off from the beet in the glaſs, the air thew 


bubbles do the ſorface of the beer! And frog 
thence it will be taken away with the other air 


hauſted, the air in the beer, which could as 
diſentangle itſelf quick enough to get off wi 

. the reſt, will now expand itſelf: ſa, a8 oY 
and the greateſt part 0 
& 28. Put ſorne warm water in a gle and pu 


| 4 bit of dry wainſcot or other wood" into th 
Water. Then, cover the glass with a cloſe w 


F 1 | 22 eee. 155 5 5 


holding the lead in one hand, — up the piſta 


Of the Air- Pump. 
will expand itſelf, and riſe up/in-innumerzb 


the receiver. When the receiver is'neatly en 


A „ 


the beer to have all the a Pi ill go he 
Wi 


glaſs. 


ceiver, and exhauſt thę air; upon Which then 
in the wood he ing liherty to expand itlelf, wil 
come out plentifuliy, — make all the ratet y 
bubble about the wood, eſpecially about th 
ends, becauſe the pores lie lengthwiſe.” A cv 
inch of dry wainſcot bas ſo moch air im it, tht 
zit will continue bubblieg far! [near 7 * * 
together. 1 Face 


n { 


ERATEFRS = wr co 


#4 


Poo 4 


5 46" Sa Fringe * K 
of lead that weighs one < 


1 
Hedge 
leaft ; ad 


ao the ſyringe with the other; then, quit 
hold of the lead, the air will puſhy ĩt upwat 
f drive back the ſyringe upon the 


up of ts 
piſton makes a vacuum in the ſyn pdt 
air, which preſſes every way eq 

nothing to reſiſt i its preflure upward, the lead 
thereby preſſed upward, contrary to its dau 


nn by gravity. If che ſyringe, ſo lo. 


1 


The reaſom of this is, that the 


Fre 


Of. the bes 05 
be hung in a receiver, and the air be exhauſted, 
—— lead will deſcend. the piſton- 
rod by their natural e an 3 _—_ 
ting the air into che 
upward agaio, until — che — 
bottom 9 Ne enn 

27 Let a piece 3 
oa rhread ay Loy Bagr nt _ | 
iſed by a leaden weight, in | 

— manner, at the sther Let —— — 
hung to the inſide os che cop of a —— 

which being ſet on the pump. 

tauſted, the cork will. preponderate, and — 
itſelf to be beavier chan the lead; but 

letting in the air the equilibrium will be 
reſtored. .; The of this is, that ſince the 
ur is a fluid, and all bodies loſe as much of their 
abſolute weight in it, an ig equal tothe weight 
of their bulk of the: fluid, the being the 
larger body, loſes mote of its real:weight..chan 
the lead does and therefore muſt im fact be 
heavier, to balance it under the diſadvantage of 
loſing ſome of its weight}; [Which diſady antage 
ring taken off by oc mtg? bet ou bodies 
eu mine en to quantities 
of matter, and the cork; which halanetd the 
ak . air, ſhews itſelf to de Marten ben in 
d Hi If efanoy; wort gn — vc 
"uh, Set a lighted candle upon the pomp, 
cover it with a tall receivers I 
orp a gallon, the candle will uy «moore 
then, after haying gradually, dec rom 

e firſt inſtant, it wall go out: | which ſhews, that 

onſtant ſupply of, freſh, air is neceſſary 50- feed 
ame; and ſo it alſo is; for, animal life: For a 
bird kept under a cloſe, receiver. mis: die, 


though no air be e o . ls 


nE 


L 


— * 


Of tbe Arn 
found that, in the diving: bell, a gallon f r 
fufficient only for one minute for anne, 
ij, n an : Gigi 1624 $7 URS: 
The moment when che vandle 2 the 
ſmoke will be freer to aſcend to the v 
receiver, and there it will form a ſort ef ö 
but upon exkauſting the air, the ſmoke-awill fil 
down to the bottom of the receiver, aid" leaveit 
as clear at tho top as it was before it wis en 
the pump. This ſhews, chat ſmoke” dees bet 
aſcend on account of its being politively light, 
but becauſe x is bghter wan air; and ith Ailing 
to the bottom When the air Was taten u, 
news, that it is not Geſtitute of weight, 80 
moſt ſorts of ' wood aſcend or ſwim in water; 


and yet there are none Who doubt of the Wort 
havin or weight, © us; 15 UL ES2} 

29. Set a receiver, which is open at top upon 
the air: pump and cover it wich a bras plan. 
and wet leather; and having'exhauſted of air, 


let the air in again at top th an iron pipe, 
making ic pls tho ha — flame at the 
end of the pipe; when the receiver i ful 
of that ait, lift up the cover, and let down 1 
mouſe or bird into the receiver, and che bum 
air will immediately kill it. If a candle be it 
down into che air, it will go out direly; but, 
by letting it down gently, it will purify the wrk 
far as it goes; and fo, by letting it den. note 
and more, all the air in the receiver will be 
purified. PB Ar 200657 207 RG In 
30. Set a bell upon a cuſhion 2 
plate, and cover it with a receiver; tt 

the pump to make the clapper ftrike agiioſt tht 
bell, and the found will be very well keatd: but, 
exhauſt the receiver of air, and en, if the 
dapper be made eo Arike ever fo hard 879, 


= 


' The air-pump was invented by Orho Guerick 


ESTES TSS . Te 


ct he Adu 
found at all 
Fane OS will make e e r he 


gation of Ab mY 
at Let a candle be be. placed on dne fide of & 
receiver, and viewed | h the receiver 
ſome diſtance; then, as ſooh as the air begi | 
be exhauſted, the aver will be filled w 1 
urs * riſe the wet leather, b 
prin the air In Þ je; 'and the light If 
7 ben refracted through that medium of 
vapours, will have the appearance of circles of 
various colours, of a 1 faint reſemblance to thoſe 
in the rain-bow, ; 


of Magdeburg, bur was much improved by = | 
Jod, to whom we are indebted K. grea 

part of the knowledge of the wonderful p 
ries of the air, demonſtrated in the above +.cu 
riments, 

The elaſtic air ied is Pa Pom! in 
bodies, and is kept in them by the weight of the 
atmoſphere, way be got qut of them either by 
boiling, or by the air-pump, as ſhewh in the 
23th experiment : but the fixed air, which is by 
much the greater quantity, cannot be got gu 
but by diſtillation, , fermentation, or  porre 
tion, 

If fixed air did not coche out of edits with 
difficulty, and ſpend ſome time in extricating i 
ſelf from ther, it would tear them to pieces, 
Trees would be rent by the change of ait from 
a fixt, to an elaſtic ſtate, and 2 would be 
3 * of air in their 

Dr. Hales found by cuperimens, that the air 
in apples is ſo much condenſed, that if it were 
let out into the common air, it would fill a ſpace 


O 3 48 


cee 


48 times. ban fee FA as the oY 
elves ; Bt * 
to 1 * 1b, and, 


19860 lb. inſt It ae nel he ur! 
was, et 60 _— Fs 1. 4% 
would tear every. & 10g. 1d Pieces aht mn 
zh, a force ſuperior ig hat. of” ale 1 
ence, in eating app es, It 3 yell that 4 5 
with the, aff 12 degrees, 1 hey are C 
ferment. i , 10, the Romach, a 
would be immediate deny o-him who call 
The mixing of ſome ſubſtances with 5 
will releaſe the air from them, all of " 
which; may be aitended 1 very greate 
Of this we have a remarkab| e inſtance 15 | 
riment made by Dr. Hare; who hay 
half a dram of oil of carraway-ſeedsint6 ons lat 4 
and a dram of compound PHE of fiele 15 a. 
ther, covered them S h MF he en 
receiver ſix inches wide, a Wow 
and then exhauſted the 15 ac nti 


ing until all that could Rf be Sor 5 


Ur 


of the xeceiver, and aut, of the two" fluids 
extticated: then, by a particular” | 
from the to of the receiver, he 
fluids together; upon which 12 7 
ſuch a, prodigious quantity of air, 

blew up the receiver, although it” 

flown by the SECT wit. e 9 
"ROY. "mat +1 108 E. 19 
une EN ien ii 74.08 1:44 
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Of Optics." 
n LR K. i. 
1 ef o 


vg a” "7 — 


Jin coablts. of 6 inconceivably great F 
number of particles flowin froma luminous 
body in all. manner of directions; and theſę 
— . as t9,. ſurpaſs all. W 


ion. 
1 te puraber of particles of light 16 
— great, r N. ftom the 9 15 


10 oy $a p 72 its, rays, will. 
2 ſpace within — of the candle every - 
way, with 2 particles, before it has lo 
the leaſt ſenſible part of if ies h hne 
A 21 A of He 


particles, flown 
ſtraight line: Sn 0 1 | 
| ze incomprehenſibly . mane from the TP 
following experiment. pin- hole 
ina piece of black paper, e ha oe the 
upright on a 8 1 a ray of caodle des fa 
ing by one another; then 704. * of palle 
board at a little diſtance 1 Pal 
ome of the rays which: flow 18 Ul 5405 


through the hole in the paper, will form as ma- 
ny e light on the paſte board, as there are | 
on the table before the plate: WS Ge The a. 
me heck rom gr and clear, 2s they? feats 
„ 15 N Ing oa 2 | 


Ante a not 2 WS: : hole of light. 
from ſo many. 2 candles without confu- 
fon.—Dr. NMistuentyt has computed, that theee 
| zern more than 6,000,000,000,000 times as 
04 many 


4 + the 


Of- Optics... 
many particlesof light from a Na in one ſecond 
of time, as there-art grains of ſanll in the whole 
| earth, ſuppoling each cubic inch of it to contain 
| Thats particles, by falling urg 
| Theſe particles, by falling direQly 
| eyes, 45 in our ds Nie idea Wien 
| . And when they fall upon bodies, anct ure thete 
reffected to our eyes, they eite in s the idea; 
3 of thefe bodies. AN as every point of a viſible 
| bady reflects the pays of light in all manner of 
directions, eve eyery will be viſible in-every 

art to which the Hght is reflected ſtom it 


ee & AC Bis viſible eye in 
| Eg. . Þ art where hen "Aa, Ab, Ae. boy 52 
| * BB, Be, Bd, B We Ca, C CRC C4, C 


come. "Here we: have ſhewn the rays as if they 
were only reflected from the end A and B, and 


m the middle point C of the obje#; every 
other pordr beipy 1 to reflect rays in the the 
m. oy 5s th hi e . 
liginis aced wit to t every 
y 27 art of ee which is on — 
ö be viſible, when no intervening! Sher aufe the 
ge of the At, ö Nat gs 
Since no obje Can be ſeen thovegh the bore 
of 2 bended 10 Rah by is evident that the rays of 
ght 220 t lines, whit there is no- 
an ng to refraft or them oel of eheit weſt 
2 Teal courſe.” VU" II 1 1 Ai 10.235 * 
Witt ther „ r ngk combuinany® me 
dim of an uni rin" tg ity, they hre 
but when they paſs'obliquely out n 
Re, 107 another, 5 reli 8 iter more eu vp med 
- Co! 1005 ( 
"0d th bene 
n air, — eee 
wen, 6 BoA * ) nz 210M © « 08 
vg" WW x * rare, 
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Of ua. 10. 
they are refracted towards the denſer me- 
4 — e 
ys fall more or leſs oblig an refracting 
2 which diyides the a. 
To prove chis by . let che. 
veſſel 4 HC D into any en 
obliquely, and 
ſhadow of . 20 


* 


Dar 
_ 


which ſhews, that the ray — E, berth came 
light in the open air, zuſt-over the edge of 
bee puns 8h, 1 of 
falling. o on the ſurface af the w {8 
I 1d ned of going oi the reli hal oh, 
ection a BE, it is bent downward in the water 


hn 119 OR 7 ſul face 
e 1 


of the water; and 

abc. 

If a flick be laid, over the vellel, and the fun" 
ys be reflected from a glaſs pe e 
into the veſſel, the ſhadow. of the lick wall f; 
upon the ſame part of the bottom, whether the 
reſſel be empty or full; which ſheus, that the 
rays of light are not refracted when they fall 
pepeadiculony on. the ſurface of any. medium. 

The rays of light are as much reftacted 
pling out of water into F. as by out of 
ur into water. Thus, if a ray. of light flows 
from the point e, under, water, in the direction 
I when it comes to the ſurface of the water at 
6, it will not go on thence in the rectiſineal 
— but will bf % inro tholine e. 


ore, 
Io an eye at e through a ne glas 


n the bottom of the empty veſſel, the point s 


dir tn 


func be ſeen, becauſe the nde Bc of the velle 


inter- 


The days 
ave made 
Jonger by 
the refrac- 
tion of the 
n rays. 


Fig. 3 


empty veſſel, cannot be ſeen by an eye at a, becauſe the of 
| of dhe veſſel intervenes.4; but let di vgl 4 5 
refraied 


— Hquely into the atmaſphere, ate*rhers 


the atmoſphere is more' or _y_y Jett 3 
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ofes; and ths plat v0 juſt de Ren over 

the 15 of the veſſel at B. But r Fete ert be 
filled with water, the point à will be een from 


and will appear 4 31 elevated in the CireRior 
of the ray eB ®: ur 10 vo 1444. DV ** 


hf me of ſh-fifth 
. ered no refra St [5g Fug, . 
calculation. But obferyation profes tht 5 
ſun Fſes foner, and ſets age er 
Fol 


calculated time ;"the feaſon of 
from what was nid Wöme dite e Fot 
though the ſun's rays do not part of the 
2 7 us through water, yet they do throught 
air or atmoſphere, which being rrhedivn 
than the free fpace between tſie ſui arid the wh 
of the atmoſ ef. the rays, by entering ob 


= 1 — bent down to „ 

vgh there are many laces 

Which the ſun is ve Bicly at” NN ys x pore 
tly his rays can ſuffer no refra&tion'at that 

time, becauſe they come pe rpenidicularl coy 

the atmoſphere ; yet her is 0 

the ſun's rays do not fall obliquely ont 

the atmoſphere, at his rifing aud 12 

conſequently, no clear day in Which the 


not be viſible before he 'riſes in the H6tihon, w 
after he ſets in it: and the longer vr deter 


pours. For, let AC be 
ſurface, DEF the atmoſp ede Maher 


l n lie f 


Hence 2 n e in the. bottom of 


water, and the ray ea being then 
the eye at à, and ſo render the money 
_ as if it were raiſed up to V in the 92 
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d E BG A the ſenſible horiaon af an obſerver 
B. As every point of the ſun's ſurface ſends 


FEELS 


aliohten, ſome half: of the dxmoſphete's and 


ing verefore, when! the ſun is at I. 2 the hor 
200 Il, thoſe rays which go on in the. tee {pace 
ky & preſerve 2 wine — 

the on the top the. atn oſphere | thoſe 
nch fall ſo about K, are reftacted at their 
oe, trance into the atmoſphere, and / bent down 
the de line K to the obſerver's place at : 
1s nd therefore, to him, the ſun will appear at L. 


on BG H, when he is really below it at J. 
The angle contained between a ray of light, 
nd a perpendicular to the reftactiag ſurface, is 
alled ihe angie ef Incidence; and the angle oo 
ned between the ſame and the 
me ray after refraction, is called the angle of 


face of a medium (ſuppoſe 
perpendiculat to that ſurfae let. D be 


{ therein refracted in the line h H; the angle 
BD, is the angle of incidence, of which D'F 
the ſine ; and the angle XA is the angle of 
Aion, whoſe ſine is K J. 4 
When the 
e of the angle of incidence; is to the fine of 
e angle of jon, as 4 to 3 which is con- 
ned by the following experiment, taken from 
8 Sm1iTH's Optics, * I 787 206005 [ 

Deſcribe the circle DAEC on a plane ſquare 
ard, and croſs it at right angles with the 
hight lines 45 C, and LAH then, from 
C r 


EE 


wc rays of light in all manner af directions. 
wwe of his rays will. conſtantiy fall upon. and 


the direction of the ray B m K, above the hori- 


5 
* 
2 3 4 
o 


ple 
dngle of 


rn. Thus; let LEM beithe refracti 2 Fig. 4. 
water) and ABC — ef 


jy of light, going out af air into; water at R. 


join £2, parti 


£*® and flickr thee pins 
| board, at the 


vill be ſeesj —— heaghons — wr 
Which . chat che ray I cming from t 
Din at J, is ſo refracted at B, as 
_ _thenee in the line D to tho eye 
dhe fame as i would do from anypbint 
right line D BG, if there were u water in 
vVeſſel: and alf thews that LA, the ine aſu 
fraction in Water, is to NF the! ehe 


- 
* 


obliquely: 


draw the right hne DF £2) then; kings 


o as you may bee dhe head aft pin Rover 
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equal ares: DA, AE, 


paſſes, ſet off the 


r 
point 4, draw 27 Parallel to — 
to M.: ia KA 
of F E or d D. Thi 


upright upon the: leaden 


Ds By and I: — 
board into the veſſel f L, and G4 
the veſſel with water to the line LM Whe 
the water has ſettled, look alang the le 


to three 
fix the 'boagd : 


he pin ¶ vill 
to G, fbr 


head of the pin A; —— 
the ſame Ako lice good 


— 
2 


denee in airg a 3 to 4. 
Hence, if DB H were a/:erooked flick 

into the water, it would * 
ſtraight one, as DHG. Therefore, 
B H appears at B G, fo ihe line A will 


at By; and conſequently,” — 
2 for water, will ſeem bent at 
ſurface 4 the water in, B. and enten 
DB. Mt I 1) gt 577 v8 

When i a ray of light paſtas our of ar 
glaſs, ine dne af Wr e! 


he 
EST Rn 


Of: Mn. 3 
2 3 ·0 2 . * 
hamonc as 5 0 

Glaſs — ä een x; . 
es at leaſt, fox optical purpoſes, viz. Wa 
l. 7205 lay ah which is int on bath-fides, 
| ickneſfs:in all its parts, as J. 
1 which II ENS Leaks 
jd convex on the ether,” as . a 

. A double convex, "which is convex: on bot 

les. as C. Kt hi lle | 

A plans-oncevs, which is uon one Gd, 

d concave on the other, s O. 

; A drble concave, which is onceve on beo 

les, a8 E. 10 

b. A meniſcas,” which is concave on one kde, 

d convex on the other, as F. 

W A flat , whole: convex. dae is 

und into Ettie flat ſurfares, as G. 
8. A priſm, Which has three flat ſides, and 
OY = pop. en like an equilateral 
nt as H. io 954 

Glaſſes nil id. of the ſhapes B, GD, 
55 — called f. 


Weer. 


A right line LIK, perpendicularly 
them a "is called. the ait 


Ang of light Cl, fa perpendicularly on 
pane glaſs, E E, will — —„— 6. 
d the ſame direction h; i, „ 
* vg > | 

ray he AB, fal ona. 
| 6 wil go before, 3 
Feftion, bot nit tn the see 3 for is 
Whing the glaſs, it will be tefractod in the 
20 and in er t will ho-to- 
ied in the line C D. h 2129 C1 
5 q A ray 
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Fig. 7. 


-  refracted at the poĩn 


Fig. 8. 


The pro- 


—— it, they will be ſo refracted, as 0 unit wh 


lenſes, 


Fig. 9. 


| middle of a convex glaſs, w 
_- fame direction DE, Sen ib eh filleg' 
ſame degree of obliquity on n plane 
will go out of the glaſa in che amg 


| Of ones 
A ray of light C. i * 


bY 


with which it entered: fur it M 
ts Dand E as if i 
through a plane ſurface. But the] 
CI wilb be — — 
int F. Therefore, all tte rays way 
the point C, ſo as to — 
will meet again at V; 
onward, as to L, they ctoſs — 
ward on the oppoſite ſides of the 
CD EF, to what they were iu W 
the directions H Fand K N“ 
* parallel rays, as 1 3C, fall 
a plano-convex glaſt DZ, adp 


point F behind it; and this is called 
principal focus; the diſtance of which from 
middle of the glaſs, is called: the facanl 
which is equal to twice — 
of the glaſs s convexity. And, - 

Wh parallel rays, .. as as AB Cy: fall W 
upon a glaſs DE, which is equally con 
both ſides, and paſs throught it x: they Pu 
refracted, as to meet in a point or priꝶ 
f, whoſe diſtance is equal to the radius 
diameter of the ſphere of the-glaſs's \conn 
But if a glaſs be more convex an q 
on the other, the rule for finding Wn 
diſtance is this; as the ſut of the ſeunid 
of both convexities is to the mid, 
either, ſo is double the ſemid iam al] | 
other to the diſtance of the focus. "008 


9 „ 


—_ 
4.4 * ” 


— 
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chi tbr, 
quotient wil the . 88 


bed into that part; and is in 
the common heat of the ſun, as e en Ig ins. 0 


the reaſon why" a convex. glaſs cauſey the ſun's 
bays to burn after paſſing throu 

All theſe rays: croſs the mi 
ws f, and then diverge from it, — contrary 
, in the ſame manner Ff G, as they con- 


if another; glaſs FG, .of the ſame convexity 
DE Cad in the rays, at, the ſame di- 

unce from the focus, it will refract them ſo, 
that after 6 Out: of Ke ther: eee 
wallel, as 2 6 c on in the ſame man- 

r rit glaſs DO E, through 

ſpace: ABC; but on the contrary, ſides of 

”_ ray Bfb: for the ray A 43 

I 728 the direction F G a, and the 

ts Sand [Fe ad ore rk 

i rays diver any radiant point, as 

hem a princip — 5 the if a candle 

placed at f, in the focus of the convex Jos 

0, the diverging rays.in the ſpace F 
o refrated by the glaſs, as, that after 

nga will become parallel, as 285 

ed bd 158 
i the candle-be placed aearer the 


: 
: 


lng through the glaſs, more 
Ale is more or leſs diſtant from the focus. 


in is focal diſtance, the rays 8 


P- Slee area of the-focus. Fleas we ſee 


8 24 


wed in the f. pace Df E in coming to it. We . 


5 — | 


glaſs tha 
b focal diſtance, the rays will 1 he 
8 11 


Ehe candle be placed farther from the glaſs 


PlaeXVI. Hence, if any obje@t A B C be fee 


glaſs, as the candle is nearer to, or f 
its focus; and where the rays meet they wi 


every particular point of the a_— and 
; 1 4.3 


| e Optics. | 
aftet paffing through the glaſs,” and Mert is 
point ie will be more or leſs diſtant from th 
r from 


form an inverted image” of the fue ef th 
candle; which may be ſeen on à paper plict 
in the meeting of the rayhns. 


the focus F of the convex glaſs 4+ /,, fone of 
the rays which flow from every point of thi 
object, on the ſide next the glaſs, will fall upa 
it, and after paſſing through it, they will d 
converged into as many points on the oppobit 
ſide of the glaſs, where the image of every poil 
will be formed: and conſequently, the"image 
of the whole object, which will be invented 
Thus, the rays Ad, At, Af, flowing from i 
point A, will converge in the ſpace Faf, und 
meeting at a, will there form the image vf il 
point 4 The rays Bd, Be, Bf, fowmyg fre 
the point B, will be united at + by che 
tion of the glaſs, and will there form the img 
of the point B. And the rays C4 Ct, 0 
flowing from the point C, will be united 4d 
where will form the image of che poim 6 
And fo of all the other intermediate pbints vt 
tween A and C. The rays which flow tial 


united again by the glaſs, art 
rays.” 8 oi obs 5h vine 114% | | 

If the object AB C be brought nearer 90 f 
glafs, the picture a ö r will be removed de 
ety en For then, yu 15 flow! 
nt every ſingle point, will fall more civergn 
upon the glaſs; and therefore cannot be ſo fo 
collected into the correſponding points beh! 
18 Conſequently, if the diſtance of the 
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4B C be equal to the diſtance eB of the focus Flate XVI. 
of the glaſs, the rays of each pencil will be fo Fi · a. 
xtracted by paſſing through the glaſs, that they 

vll go out of it parallel to each other; as 41, 

iH, fb, from the point C; dG, eK, FD, 

from the point By and d K. , FL, from tha 

point A: and therefore, there will be no pics 

ure formed behind the glaſs. 3 22 E. 

If the focal diſtance of che glaſs, and the 

litance of the object from the glaſs, be knawn, 

tte diſtance of the picture from the glaſs may: 

e found by this rule, viz; multiply the diſtance 

if the focus by the diſtance of the object, 


and 
Imde the product hy their difference; the 
potient will be the diſtance of the picture. 
The picture will be as much bigger or leſs Fig. 1. 
han the object, as its diſtance from the glaſs is ih 
eater or leſs than the diſtance of the object. 

r, as Beg is to- eh, ſo'is AC to ca. So that 

4 C be the object, c will be the picture; 

, if ch be the object, 4 BC vill be the 

ture, 0 Yo 9 4 | 

ms OR _ the _—_ of ights The man- 
wing objects and paſſing con- ner of vi- 
glaſſes, are collected into points, — form fiow 

ke mages of the objects ĩt will be eaſy to un- 

wogh the humours of the eye, and are there- 

collected jato innumerable points on the bot- 

mof the eye, and thereon form the images of 
objects which they flow from. For, the 
fcrent humours of the eye, and particularly 
à Convex glaſs; and the rays in paſſing 
wh them do be affected in the ſame manner 
a paſſing. thraugh & convex glaſs. 15 


P. The 
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Flatex VI. The eye. is nearly globular. It confiſts oi. 

rig. 3- three coats and three humours. . The. u 

DHHG of the outer coat, is called the /þ 

ratica, the reſt DE FG the cornea. Next with 

in this coat is that called the choroides, which 

ſerves as it were for a lining to the other, and 

Joins with the iris mn, mn. The iis is c 

poſed of two ſets of muſcular fibres; the one 

a circular form, which contracts the hole in the 

middle called the pupil, when the light wu 

The eye Otherwiſe be too ſtrong for the eye; and tie 

deſcribed. other of radial fibres, tending every where frog 

the circumference of the iris towards the midds 

of the pupil; which fibres, by their contract F 
dilate and enlarge the pupil when the ligt a 

weak, in order to let in the more of its nn 

The third coat is only a fine expanſion of i 

optic nerve L, which ſpreads like net · work a 

over the inſide of the choroides, and is thereſe 


called the retina ; upon which are painted ( il. * 
_ were) the images of all viſible objects, by vl? 
rays of light which either flow or are reflec ® 
from them. 2 


Under the cornes is a fine tranſſ 


like water, which is therefore the aqua 


humour. It gives a protuberant t tix 
cornea, fills the two cavities mm As p whic 


communicate by the pupil P, and has the lane 
limpidity, ſpecific gravity, and refrative pol 
as water. At the back of this lies the cbryſau 

humour II, which is ſhaped like a double c 
vex glaſs; and is a little more conyex on in 
back than the fore part, It converges the n boi 
which paſs through it from every viſible oe - 
to its focus at the bottom of the eye. . 
humour is tranſparent like chryſtal, is much , 
the conſiſtence of hard jelly, and g's 5 


Of Optics. 
eile gravity of water in the proportion of 
100 10. It is incloſed in a fine tranſparent 
embrane, from which radial fibres 
called the ligamentum ciliare, all around its 
ge; and join to the circumference of the iris. 
beſe fibres have a power of contracting and 
ating occaſionally, by which means they alter 
ſhape or convexity of the chryſtalline hu- 
ur, and alſo ſhift it a little backward or for- 
ud in the eye, ſo as to adapt its focal diſtance” 
the bottom of the eye to the different diſtances 
objects; without which proviſion, we could 
ily ſee thoſe objects diſtinctly, that were all at 
e diſtance from the eye. | 
At the back of the chryſtalline, lies the vitre- 
bumour K K, which is tranſparent like glaſs, 
dis largeſt of all in quantity, filling the whole 
d of the eye, and giving it a globular ſhape. 
_ of 8 with white of an 
p, and very little exceeds the ſpecific gravi 
I refractive power of water. 85 * . * 
As every point of an object AB C ſends out 
in all directions, ſome rays, from every 
nt on the ſide next the eye, will fall upon 
cornea between E and F; and by paſſing on 
Tough the humours and pupil of the eye, 
will be converged to as many points on 
" WF "<ina or bottom of the eye, and will thereon 
distinct inverted picture c 6 of the ob- 
Thus, the pencil of rays 375 that flows 
m the point A of the object, will be con- 
ed to the point a on the retina; thoſe from 
point B will be converged to the point 5; 
de from the point C will be converged to the 
at c; and fo of all the intermediate points: by 
ich means the whole image 4c is formed, 
the object made viſible; although it muſt 
F 8 be 


S—8S =, 


SES ==ETseSE 5 


- 
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| browned, that the method by which gf 
tion is carried from the eye by. the gttic ns 


diſcerned, is above the reach af ous 


or image by which we perceive iro 


. 4 1 
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4 
- 4 
i 
5 
- 


the common ſenſory in the bram and 


henſion. N 7977 r 
. hon, is effected in this: man 
may be demonſtrated experimentally, 
byllock's eye whilſt it is freſh, and 
off the three coats from the back 
to the vitreous humour, put a %, 
paper over that part, and hold the 
any bright object, and you will ſee ap 
picture of the object upon the paper, 
W _ 1 nverted, m 
red why the object appears uprights 8 
are to conſider, 1. that inverted in only: a: l 
tive term; and 2, that there 4 


the parts of a diſtant; proſpect art pars 
the retina, they are all right 1 —_ 
another, as well as the parts of ann 


itſelf; and we can only ee 
being inverted, when it is reveiſe u 

natural poſition, with reſpect to eh 
which we ſec and compare it with 

hold of an upright ſtick in the darky au 
which is the upper or lower part of wa 
ing our hand downward or upwardly a 
very well that we cannot feel; che: upon 
moving our hand downward, : Jul 
by experience, that upon direct 
towards a tall object, we cannqt e 

turning our eyes downward, not mn 
turning our eyes upward; but mUn_ 
object the ſame way by the eye ra __ 


head to foot, as we do by the to 8 


- 
7 


V, 2 
4% 


"41H 4 
7 


= 449) 


1 = \ 7 114147 he -/ 
” 4 : 5. 
W/ 4 , 7 
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s the judgment is informed by the motion 
— rx caſe, ſo it is alſo by the mo- 


Io Fig. 4. is exhibited the munner of ſeeing. Fit · + 
he fame obje&t LB C, by bath the eyes D and 
Lux once. | | | 


When any of the image cha falls upon 
the 1 
the object becomes invifible. On which ac- 
wunt nature has wiſely placed the optic nerve 
ef each eye, not in the middle af the of 
the eye, but towards the fide next the noſe ; ſu 
that whatever part of the image falls upan the 
optic nerve of one eye, may not fall upon the 
optic nerve of the other. Thus the point a of 
the image <4 A falls upon the optic nerve of the 
ge D, but not of the eye E; and the point & 
Aal upon the optic nerve of the eye E, but nat 
ef theeye D and therefore, to boch eyes taken 
wether, the whole object 4 BC is viſible, 
de nearer that any object is to the eye, the Plate 
leer is the angle under which: it is fen, and Pt 
be magnitude under which it a FE Lb 
the eye D, the object A BC is under the 
ae 4 PC; and its image ch is _—_— 
won che retina: but to the eye E, at a double 
Wance, the fume object is ſeen under the angle 
IC, which is equal only to half the angle 
&, as is-evident by the figure. The image 
Is is likewiſe ewice as large in the eye D, as 
Wie other image ch a is in the eye E. In both 
Kt repreſentations, a part of the image falls on 
Sorting part is inviſible. 

& the ſenſe of ſeeing is allowed to be occa- 
ed by the impulſe of the rays from the viſible 
=*2 upon the retina 'of the eye, and — | 
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Fig. 2. 


that the part of the image which falls on the 
object inviſible; eſpecially as that netve is al. 


in the brain. But this difficulty vaniſhes, when 


wards B, he will ſee both B and 4; but not C. For 


- eye, ſo as to loſe the fight of whichever patci 
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the image of the object thereon, and That the 
retina is only the expanſion of the optic nerve al 
over the choroides; it ſhould ſeem ſurpri 


tic nerve ſhould render the like part of the 


lowed to be the inſtrument by which the impulſe 
and image are conveyed to the common ſenſor 


we conſider that there is an artęry within the 
trunk of the optic nerve, which entirely ob- 
icures the image in that part, and conveys m 
ſenſation to the brain. 1 T4643 152160 

That the part of the image which falls upon 
the middle of the optic nerve is loſt, and conſe- 
quently the correſponding part of the object is 
rendered inviſible, is plain by experiment. For 
if a perſon fixes three patches, 7's, C, upon 1 
white wall, at the height of the eye, and the 
diſtance of about a foot from each vther, and 
places himſelf before them ſhutting the right eye, 
and directing the left towards the pateh 


Kr K 2 = mn + - wa 


C, he wil 
ſce the patches 4 and C, but the middle patch 
B will diſappear. Or, if he ſhuts his left eye, ud 
directs the right towards A, he will ſee both Aand 
C, but B will diſappear; and if he directs his eye to- 


whatever patch is directly oppoſite to the opts 
nerve N, vaniſhes. This requires a little prec 
tice, after which he will find it eaſy: to direct hi 


Sas eee. 


he pleaſes. een 
We are not commonly ſenſible. of this dilay- 
pearance, becauſe the motions of the eye a 
ſo quick and inſtantaneous, that we no 
loſe the ſight of any part of an object, than 
recover it again; much the ſame as in. dee 
twinkling of our eyes, for at each rinkling 


9 


K 2 
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xe blinded; but it is ſo ſoon over, that we are 
ſcarce ever ſenſible of it. | | 

Some eyes require the aſſiſtance of convex Fig. FR 

glaſſes to make them ſee objects diſtinctly, and Why 
others of concave. If r 4 * c or {ome eyes 
chryſtalline humour e, or of them, be too (cater. 
ge in the eye 4, their focus will not be 6n — 
the retina, as at d, where it ought to be, in 
order to render viſion diſtin; but beyond the 
eye, as at F. And therefore, thoſe rays which 
fow from the object C, and paſs through the 
humours of the eyt, are not converged enough 
to unite at 4; and therefore the obſerver can 
have but a very indiſtinct view of the object. 
This is remedied by placing a convex glaſs g 
before the eye, which makes the rays converge 
ſooner, and imprints the image duly on the 
retina at d, | 

If either the cornea, or chryſtalline humour, 
or both of them, be too convex, as in the eye 
f, the rays that enter it from the object C, will 
be converged to a focus in the vitreous humour, 
a3 at f; and by diverging from thence to the 
retina, will form a very confuſed image thereon : 
and ſo, of courſe, the obſerver will have as con- 
fuſed a view of the object, as if his eye had been 
too flat. This inconvenience is remedied oy 
placing a concave glaſs g þ before the eye; whic 
laſs, by cauſing the rays to diverge between it 
and the eye, lengthens the focal diſtance fo, 
that if the glaſs .be properly choſen, the rays 
vill unite at the retina, and * a diſtinct pic- 
ture of the object upon it. 1 

Such eyes as have their humours of a due 
convexity, cannot ſee any object diſtinctly at a 
leſs diſtance than ſix inches; and there are 
dumberleſs objects too ſmall to-be ſeen at that 

P 4 diſtance, 
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| diſtance, - becauſe they cannot appear under 
ſenſible angle. be method o viewing ad 
minute objects is by a microſcope, of which there 
are three ſorts, viz. the /ingle, the double, and 
the /olar. 107 1 | 
Fig. 5. The fingle microſcope is only a ſmall convex 
The fagh laſs, as 15 Nas. object ab placed in its 
ee. ocus, and the eye at the dffance.on the 
other ſide z ſo that the rays of each 2 
ing from every point of the object on the {ide 
next the glaſs, may go on patallel to the 
after paſſing through the glaſs; and then, 
entering the eye at C, they will be converged 
to as many di IR Fo on the retina, and 
form a large inverted picture 4 B upon it, 1 
in the figure, YH 
To find how much this glaſs magnifies, di 
vide the leaſt diſtance (which is about fix inches 
at which an object can be ſeen diſtinctiy with 
the bare eye, by the focal diſtance of the glaſs; 
and the quotient will ſhew how much the glaß 
magnifies the diameter of the object. 
Fig. 6. he double or compound mee conſiſts of 
The an object-glaſs cd, and an eye-glaſs ef. © The 
e objed ab is placed at a little greater di 
4%: ſtance from the laſs cd than its principal focus, 
ſo that the pencils of rays flowing from the diffe- 
rent points of the objec, and paſſing through 
the glaſs, may be made to convoy and unite 
in as many points between g and &, where the 
image of the object will be formed which 
image is viewed by the eye through the ehe- 
glaſs ef. For the eye-glaſs being ſo placed, 
that the image gh may be in its focus, and the 
eye much about the ſame diſtance on the other 
fide, the rays of each pencil will be 
after going out of the ** as at £ wh 


BR. > a 


B LA 5 o.. E 


_Rr EST EEBRSPTSL TR Do Fae 


=>> 


Of Optics. - 
iu they come 10 the eye at &, where they will 
ar converge by the refractive power of 
the humaurs ; and after having \crofſed cack 
other in the pupil, and paſſed through che chry- 
ftalline and vitreous humourz, they will 
collected into points on the retina, and form the 
urge inverted image A4 thereon. 11 

The magnifying power of this mieroſcope ia 
0 follows. Suppoſe the image g to be fix 
times the diſtance of the object a + from the 
object. glaſs cd; then will the image be ſax times, 
the length of the object: but ſince the image 
could not be ſeen diſtinctly by the bare eye at 
; leſs diſtance than fix inches, if it be viewed 
by an eye-glaſs e f, of one inch focus, it will 
thereby be brought ſix*rimes nearer the eye: 
and conſequently viewed under an angle fix times 
% large as before; ſo that it will be again 
niied fix times; that is, ſix times by the object- 
glaſs, and fix times hy the eyeglaſs, which 
multiplied into one another, makes 36 times; and 
o much is the object magnified in diameter more 
tan what it appears to the bare eye z' and conſes 
quently 36 times 36, or 1296 times in ſusface. 

But, becauſe the extent or field uf view is 
rery ſmall in this miſcroſcope, there are gets 
ally two eye-glaſſes placed jometimes doſe 
leether, and ſometimes an inch aſunder: 
anch means, although the object by | 
magnified, yet the viſible area is much enlarged 
by the interpoſition of 4 ſecond eye-ghaſsz and 
— a much pleaſunter view is ob» 
ined, | . Lan ; da | 
The ſolar microſcope, invemed by Dr. Lie- Fig. 7. 
trkbun, is —_ in the e 2 
Having procured a very dark room, let a roun@ en 
tole be made in the window utter, about — 

inc 


218 


placed about two inches and a half fromthe 
4 4. 3. A little more than a quarter of an 
from he 

cc, whoſe focal diſtance is a quarter of ania_{ 
The tube may be ſo placed, when thei 
low, that his rays A A may enter dir 


reflected into the tube by the plane mi 


towards the object 5 5, by 


make a large inverted picture of 
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inches diameter, through which the Gui w 


a cylinder of rays 4 A into the u 1a 


hole, place the end of a tube, containing 


convex glaſſes and an object. vit. . 


glaſs 4 4, of about two inches diam 


three inches focal diſtance, is to be plac 


that end of the tube which is put into che ha 


2. The object , being put between 
(which muſt be concave to hold it at 150 


jo 


object is placed the ſmall convex 


it: but when he is high, his gays BB mull 


be ſtrongly illuminated; and the rays. 4mm 
flow from it, through the convex glaſs” ran 
the obj 


D D, which, being received on a white pan 
will repreſent the object magnified in; Jeng 


proportion of the diſtance of the pic 


the glaſs cc, to the diſtance of the object 
the ſame glaſs. Thus, ſuppoſe the di 


the object from the glaſs to be parts of ananl 
and the diſtance of the diſtin& picture ron 


feet or 144 inches, in which there are 140 
of an inch; and this number divided by 
gives 480; which is the number of ama 
picture is longer or broader than the obi 
the length multiplied by the breadth, , 
much the whole ſurface is magnified. 
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b | Before we enter upon the deſcription of terer abe, 
hopes, it will be proper to. ſhew ow the. rays 


mae 
When } dane rays, as 2 641 *, — 
pitectly A— 10 glaſs A B, which is equally A. 
| concave on both ſides,” they will diverge after 
pang through the glaſs, as if they had come | 
| radiant point C, in the center of the 
Flaſs's concavity z which point 1s: called the ne- 
ative or virtual focus of the glaſs. Thus the 
ay a, after paſſing through the glaſs A B, will 
on in the direction æ }, as if it had 
Pn the point C. and · no glaſs been in the way. 
The ray 6 will go on in ho direction n; the 
"ay c in the — p, &c.— The ray C, 
tat falls directly upon 8 middle gf the glaſs, 
ſuffers no refraRtion in paſſing through it but 
goes on in the ſame 2 
bo glaſs had been in its way. 0 
the glaſs had been concave only on one 
get — = * quite plane, the rays 
vould have diver r paſſing through 2 
+ if they had come from à radiant | 
gouble the diſtance of C from the glals ; * 
u if the radiant had been at he diſtance of a 
vhole diameter. of the glaſs's concavity. 
lf rays come more conver Ert to ſuch a glaſt, 


than parallel rays C — — — 
meet Bk 


, they will continue to 
through it; but will not S 


(Blas had been in the way; and will incline 
puree the ing fide to which they would have 
diverged, if they had come parallel to the glaſs. 
3 rays f and 5, going in a conve 
s the edge 9 e glaſs at B, 


con- 


o 


220 


Tig. 2. 


their way, they 
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Of Optics. 
converging more in their way to it than'the 
rallel rays diverge after paſſing through it, he 
will go on conve after K. paſs dp... 
it, though in a le an they did 
and will meet at I: but Fo no glaſs had boen 

would, have met at 14. 

When the parallel rays, as d fa, C 110 
fall upon a concave mirrour A "which is not 
t, but has only the ſurface 4#B off 
a clear poliſh) they will be refleted back from 
that mirrour, and meet in a point . at half the 


diſtance of the turface of the ä 


vity 
| rays df a, Cak wh el 
2, b, and e. Dina 
hs Ci a, Cmb, and Ch c, from the center C 
to theſe points; and all theſe lines will be per. 


which wi be the direction of the ray df a, fer 
it is reflected from the point a of the mirrourt 
lo that the angle of inci 4aC, is equal to 
the angle of reflection Cab; the rays making 


equal angles with the er 14 on id 


ite lides. 
Draw alſo the :cular C to the poiit 
* —— ede touches the mirrour; 


angle C c# equal to the 
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Of Optics ; 
courſe of the ray e Ic, after it is reflected from 
the mirrour. 

The ray CN paſſing _—_— the oenter of 
cohcavity of the mirrour, and falling upon it at 
I is perpendicular co it; and is ore re- 
fected back from it in the ſame line à C. 

All theſe reflected rays meet in the point w 
and in that point the image of the body which · 
emits the parallel rays da, C6, and ec, vill be 
formed : which point is diftant from the mir- 
wur equal to half the radius bm C of its con- 


cavity, | 

The rays which proceed from any celeſtial 
object may be 'efteemed at the earth. 
ind t the images of that object will be 
formed at , when the reflecting ſurface of the 
concave mitrour is turned directly cowards the 
object. Hence, the focus 1 of lel rays 
i not in the center of the mirrour's concavity, 
but half way between the mirrour and that 
center, 

The rays which proceed from any remote 
terreſtrial object, are nearly parallel at the mir- 
rour z not ſtrictiy ſo, but come diverging to it, 
in ſeparate pencils, or, as it were, bundles of 


hays, from each point of the fide of the object 


next the mirrour : and therefore they will not 
be converged to a point, at the diftance of half 
the radius of the mirrour's concavity from its 
reflecting ſurface; but into ſeparate points at a 
bttle greater diſtance from the mirrour. And 
ie nearer the object is to the mirrour, the far- 
ther theſe points will be from it; and an in- 
verted image of the object will be formed in 
them, which will ſeem to hang pendent in the 
ar; and will be ſeen by an eye placed beyond 
t (with regard to the mirrour) in . 


o/ Optics, 
ho” hy object, and as diſtinct as the objed 
itſelf. Ro 
Let Ac B be the reflecting ſurface of a mir. 
rour, whoſe center of concavity is at C; and 
let the upright object DE be placed beyond the 
center C, and ſend out a conical pencil of di- 
verging rays from its upper extremity: D, to 


every point of the concave ſurface of the mir- 


rour Ac B, But to avoid confuſion, we 
draw three rays of that pencil, as D A, De, 
DB. 1 ; d= 
From the center of concavity C, draw the 
three right lines CA, Cc, C B, touching the 
mirrour in the ſame points where the foreſaid 
rays touch it; and all theſe lines will be pet 
pendicular to the ſurface of the mirrour. Make 
the angle CAd equal to the angle DAC, nd 
draw the Wht line Ad for the courſe of the 
reflected ray D A: make the angle C cd equal 
to the angle Dc C, and draw the right line cd 
for the courſe of the reflected ray D d: make 
alſo the angle CB 4 equal to the angle D BC, 
and draw the right line Bd for the courſe of the 
reflected ray DB. All theſe reflected rays will 
meet in the point d, where they will form the 
extremity d of the inverted image ed, ſimilar to 
the extremity D of the upright object DE: 
If the pencil of rays Ef Eg, Eb be alſo con- 
tinued to the mirrour, and their angles of te- 
flection from it be made equal to their angles of 
incidence upon it, as in the former pencil from 
D, they will all meet at the point e by reflection, 
and form the extremity e of the image e d/ ſimi 
lar to the extremity E of the object DE. 
And as each intermediate point of the object, 
between D and E, ſends out a pencil of rays in 
like manner to every part of the mitrour, R 
J ; ray 
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Of Optics. 
rays of each pencil will be reflected back from 
i and meet in all the intermediate points be- 
meen the extremities e and d of the image; and 
o the whole 1 will be formed, not at i, 
half the diſtance of the mirrour from its center 
of concavity C; but at a greater diſtance, be- 
tween i and the object D E; and the image will 
be inverted with reſpect to the object. 12 

This being well underſtood, the reader will 
ally ſee how the image is formed by the | 
concave mirrour of the -refleQting teleſcope, 
when he comes to the deſcription of that in- 


ſtrument. | hee $9 
When the object is more remote from the 


mirrour than its center of concavity C, the 
image will be leſs than the object, and between 
the object and mirrour: when the object is nearer 
than the center of concavity, the image will be 
more remote and bigger than the object: thus, 
if DE be the object, e d will be its image; for, 
23 the object recedes from the mirrour, the 
image approaches nearer to itz and as the ob- 
ect approaches nearer to the mirrour, the _ 
recedes farther from it; on account of the leſſer 
or greater divergency of the pencils of rays 
which proceed from the object: for, the leſs 
hey diverge, the ſooner they are converged to 
points by reflection; and the more they di- 
rerge, the farther they muſt be reflected before 
they meer, ta | . 
f the radius of the mirrour's concavity and 
the diſtance of the object from it be known, the 
litance of the image from the. mirrour is 
found by this rule; divide the product of the 
lſtance and radius by double the diſtance made 
ſs by the radius, and the quotient is the di- 
lance required, 10 17 


£24 


concavity, the image 
If a man places himſelf directiy before a large 


the fire, not directly betocen the fire-and 


| Of Optics. 
If the abject be in the center of the minoury 
and object u ill be coinc. 
dent, and equal in bulk. | 


concave mirrour, but farther from it chan its 
center of concavity, he will ſee an inverted 
image of himſelf in the air, betuetn him and 
the mirrour, of a leſs ſize than himdelf; And 
if he holds out his hand towards the” mirrout, 
the hand of the image will como out towards 
bis hand, and coincide with it, of: an equal 
bulk, when his hand is in the: center of cones- 
vity z and he will imagine he may ſhake-hands 
with his image. If he reaches his hand fartber, 
the hand of the image will paſs by his hand, and 
come between his hand and his body: and if be 
moves his hand towards either ſide,” thehand o 
the image will move towards the other; ſo tha 
whatever way the object moves, the image vil 
move the contrary. IS 

All the while a by-ſtander will ſer nothing of 
the image, becauſe none of the reflected ray 
that form ic ener his eyes. 

If a fire be made in a toom, and 1 
ſmooth mahogany table be at a- gpod 
diſtance neat the wall, before a large concave 
mirrour, fo placed, that the light f che fire 
may be reflected from the mirtour to ita focus 
upon the-rable ; if a perſon ſtands hy the table, 
he will ſee nothing upon it but a longiſh beam 
of light: but if « he-ſtands at a diſtance tum 


mirrour, he will fee an image of the fite upon 
phe table, large and crea. - And uf anorher per. 
ſon, who knows nothing of this matter before- 


hand, ſhould chance to come into the room, 


and ſhould look from the fire towards de * 
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e would be ſtartled at the a | 
uble would ſeem to be on and by being 
near the wainſcot, to endanger the whole houſe. 
In this experiment, there ſhould be no light 
in the room but what proceeds from the fire; 
ind the mirrour ought to be at leaſt fifteen 
inches in diameter. | | 
If the fire be darkened by a ſcreen, and a 
arge candle be placed at the back of the ſcreens 
2 perſon ſtanding by the candle will fee the 
ppearance of a fine large ftar, or rather planet, 
ypon the table as bright as Venus or Jupiter. 
And if a ſmall wax taper (whoſe flame is much 
ls than the flame of the candle) be placed near 
the candle, a ſatellite to the planet will appear 
on the table: and if the taper be moved round 
the candle, the ſatellite will go round the planet. 
For theſe two pleaſing experiments, I am 
ndebted to the reverend Dr. Loo, Lowndes's 
profeſſor of aſtronomy at Cambridge, who fa- 
youred me with the ſight of them, and man 
note of his curious inventions. "i" 
la a refrafting teleſcope, the glaſs Which is 


EAS KA KK KTS Te 


me-glaſs, and that which is neareſt the eye, 

$ called the eye-glaſs. The object- glaſs muſt 

de convex, but the eye-glaſs may be either 
ov ex or concave : and generally, in looking 
trough a teleſcope, the eye is in the focus of the 
Je-glaſs; though that is not very material: 

jor the diſtance of the eye, as to diſtinct viſion, 

indifferent, provided the rays of the pencils 

Ul upon it parallel: only, the nearer- the eye 

o the end of the teleſcope, the larger is the 
pe or area of the field of view. 

Let c4 be a convex· glaſs fixed in a long tube, p 
d have its focus at E. Then, a pencil of rays 
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texreſt the object in viewing it, is called the Tad 
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2b i, flowing from the upper extremity A of th 
remote object AB, will be ſo refracted by paſing 
through the glaſs, as to conv and meet in 
the point /; whilſt the pencil of rays n flow. 
ing from the lower extremity B, of the ſame ob. 
_ jet AB, and paſſing through the glaſs, will cox 
verge and meet in the point &: and the image 
of the points A and B, will be formed in the 
points F and e. And as all the intermediate 
points of the object. between A and B, ſend out 
pencils of rays in the ſame manner, à ſuſficien 
number of theſe pencils will paſs through the 
object glaſs c d, and converge to as many inter- 
mediate points between e and f; and ſo will form 
the whole inverted image e E, bf the diſti 
object. But becauſe this image is ſmall, a con 
cave glaſs no is ſo placed in the end of the tub 
next the eye, that its virtual focus may be at 
And as the rays of the pencils paſs convergi 
through the concave glaſs, but cunverge lels af 
paſſing through it than before, they go on tu 
ther, as to b and &, before they meet ; and tl 
pencils themſelves being made to diverge © 
paſting through the concave glaſs, they enter d 
eye, and form the large picture 2 upon 
retina, whereon it is magnificd under the ang 
b Fa. OR 2 
But this teleſcope has one inconvenjency uli 
renders it unfit for moſt purpoles, which is, t! 
the pencils. of rays being made to diverge "oi 
paſſing through the concave glaſs a, very ic 
of them can enter the pupil of the eye; 4 
therefore the field of view is but very mall, 
is evident by the figure. For none of the pt 0 ke 
cils which flow either from the top ar bottom ere. 
the object 4B can enter the pupil of the e5 4 
C, but are all ſtopt by falling uus dt, C the 
"2 2 a 
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above and brlow the pupil: and therefore, only 
the middle part of the object can be ſeen when 
the teleſcope lies directly towards it, by means 
of thoſe rays which proceed from the middle of 
the object. So that to ſee the whole of it, the 
teleſcope muſt be moved upwards and down- 
wards, unleſs the object be very remote; and 
then it is never feen diſtinctly. 
This inconvemience is remedied by ſubſtitut- 
ing a convex eye-glaſs, as gh, in place of the 
concave one; and fixing it ſo in the tube, that 
itz focus may be coincident with the focus of the 
object-glaſs c d, as at E. For then, the rays of 
the pencils flowing from the object A B, and 
paſſing through the objef-glaſs cd, will meet in 
ts focus, and form the inverted image ED 
and as the image is formed in the focus of the 
ee-glaſs g h the rays of each pencil will be pa- 
alle, after paſſing through that glaſs ; but the 
pencils themſelves will croſs in its focus, on the 
other ſide, as at e: and the pupil of the eye 
being in this focus, the image will be viewed 
through the glaſs, under the angle g eb; and 
being at E, it will appear magnified, ſo as to fill 
tie whole ſpace C m ep D. Shs 
Bur, as this teleſcope inverts the image with 
eſpect to the object, it gives an unpleaſant view 
> terreſtrial objects; and is only fit for viewing 
tic keavenly bodies, in which we regard not their 
polition, becauſe their being inverted does not 
appear, on account of their being round. But 
ate ver way the object ſeems to move, this tele- 
muſt be moved the contrary way, in order 
v ktep ſight of it; for, ſince the object is in- 
fred, its motion will be ſo too. | 
The magnifying power of this teleſcope is, 
8 the focal diſtance of the objeQ-glaſs to the fo- 
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cal diſtance of the eye-glaſs. Therefore, if the 
former be divided by the latter, the quotient 
will expreſs the magnifying power. 

When we ſpeak of the magnifying of a tele 

ſcope or microſcope, it is only meant with regard 
to the diameter, not to the area or ſolidity of the 
object. But as the inſtrument magnifies the ver- 
tical diameter, as much as it does the horizontal, 
it is eaſy to find how much the whole viſible area 
or ſurface is magnified : for, if the diameters be 
multiplied into one another, the product will 
expreſs the magnification of the whole viſible 
area, Thus, ſuppoſe the focal diſtance of the 
object- glaſs be ten times as great as the focal 
diſtance of the eye glaſs; then, the object will | 
be magnified ten times, both in length and 
breadth: and 10 multiplied by 10, produces 
106; which ſhews, that the area of the object 
will appear 100 times as big when ſeen through 
ſuch a teleſcope, as it does to the bare eye, 

Hence it appears, that if the focal diſtance of 
the eye-glaſs, were equal to the focal diſtance of 
the object-glaſs, the magnifying power of the 
teleſcope would be nothing. - 

This teleſcope may be made to magnify in any 
given degree, provided it be of a ſufficient 
length. - For, the greater the focal diſtance of 
the object-glaſs, the leſs may be the focal 
diſtance cf tne eye- glaſs; though not direct in 
proportion. Thus, an object-glaſs, of 10 feet 
focal diſtance, will admit of an eye · glaſs whol 
focal diſtance is little more than 24 inches; 
which will magnify near 48 times: but an ob 
ject-glaſs, of 100 feet focus, will require an eſe 
glaſs ſomewhat more than 6 inches; and V 
therefore magnify almoſt 200 times. 

A teleſcope for viewing terreſtrialobjedts, ſhould 
be ſo conſtructed, as to ſhew them in their natur 


poſture. 
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poſture. And this is done by one objef-glaſs Fig. 6. 
4 and three eye- glaſſes e f, g b, i &, ſo placed, | 
that the diſtance between any two, which are 
neareſt to each other, may be equal to the ſum 
of their focal diſtances z as in the figure, where 
the focus of the glaſſes cd and ef. meet at F, 
thoſe of the glaſſes ef and g B, meet at i, and of 
eband ik, atm; the eye ing at , in or near 
the focus of the eye-glaſs i æ, on the other fide. 
Then, it is plain, t theſe pencils, of rays, 
which flow from the object AB, and paſs through 
the object-glaſs c d, will meet and form an in- 
verted image CFD in the focus of that glaſs; 
and the image being alſo in the focus of the glaſs 
ef, the rays of the pencils will become parallel, 
after paſſing through that glaſs, and croſs at /, 
in the focus of the glaſs ef; from whence they 
pas on to the next glaſs g b, and by going 
through it they are converged to points 1n-1ts 
other focus, where they form an ere& image 
En F, of the object AB: and as, this image is 8 
alſo in the focus of the eye · glaſs i, and the eye 
on the oppoſite ſide of the ſame glaſs; the image 
ls viewed through the eye-glaſs in this teleſcope, 
in the ſame manner as through the eye-glaſs in 
the former one; only in a contrary poſition, 
that is, in the ſame paſition with the object. 
The three glaſſes next the eye, have all their 
focal diſtances equal: and the magnifying power 
of this teleſcope is faund the ſame way as that 
of the laſt le viz. by dividing the focal 
diſtance of the obje&-olas cd, by the focal 
liltance of the eye-glals i &, or g b, or ef, ſince 
theſe three are equal. | 
When the rays of light are ſeparated by re- 
ration, they become coloured, and if they be 
lated again, they will be a perfect white. But 
| n. thoſe 


KS LN FTS 7. 


2. 8. 


8 |® 


Ts 


„ ww 


83 8 


* 


==> 
2 


230 

Why the 

object ap- 
Ars CO- 

— 

u hen ſeen 


throue h a 
teleſcope.” 


The re- 


Necting 
teleſcope. 


Fig. 7. 


Of Optics. 


thoſe rays which paſs through a copvex 
near its edges are more unequally refrafted than 
thoſe which are nearer the middle of the glaſi 
And when the rays of any pencil are unequally 
refracted by the glaſs, they do not all meet 
again in-one and the fame point, but in ſep 
points; which makes the image indiſtingt, and 
coloured, about its edges. The remedy is, to 
have a plate with a ſmall round hole in its mid- 
dle, fixed in the tube at , parallel to the glaſſes, 
For, the wandering rays about the edges of the 
glaſſes wilt be ſtopt, by the plate, from comi 
to the eye; and none admitted but thoſe whi 
come through the middle of the glaſs, or at leaſt 
at a good diſtance from its gs, and ju 
through the hole in the middle of the plate, But 


this circumſcribes the image, and leſſen the 


the plate could be diſpenſed with. *_ 

The great inconvenience attending the wa. 
nagement of long teleſcopes of this kind, has 
brought them much into diſuſe ever lince the 
refleting teleſcope was invented, For one of this 
ſort, fix feet in length, magnifies as much as one 
of the other an hundred. It was invented: by 
Sir Jaac Newton, but has received conſiderable 
improvements ſince his time; and is now gene- 
rally conſtructed in the following manner, which 
was firſt propofed by Dr. Gregor p 

At the bottom of the great. tube 7 TTT 3 
placedthe large concave mirrour DU V F, whoſe 
principal focus is at m; and in its middle 154 
roun i hole P, oppoſite to which is placed 
the ſmall mirrour T, concave toward the great 
one; and fo fixed to a ſtrong wire, M,. that it 
may be meved farther from the great mirrour, 


or nearer to it, by means of a long ſcrew, on the 
S : hy Out- 


field of view, which would be much larger if 
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outſide of the tube, keeping its axis ſtill in the 
fame line Ps with that of the great one 
Now, fince in viewing a remote object, we 
can ſcarce fee a point of it but hat is at leaſt as 
broad as the great mirrour, we may conſider the 
rays of each pencil, which flow from every point 
of the object, to be parallel ro each other, and 
to cover the whole reflecting ſurface UV F. 
But to avoid confuſion in the figure, we ſhall 
only draw two rays of a pencil flowing from each 
extremity of the object into the great tube, and 
trace their progreſs, through all their reflections - 


and refractions, to the eye f, at the end of the 


{mall tube Ft, which is joined to the great one. 
Let us then ſuppoſe the object AB to be at 
ſuch a diſtance, that the rays C may flow from 
its lower extremity B, and the rays E from its 
upper extremity J. Then the rays C falling 
parallel upon the great mirrour at D, will be 
thence refſected converging, in the direction 
DG; and by croſſing at / in the principal focus 
of the mirrour, they will form the upper extre- 
mity J of the inverted image / K, ſimilar to the 
lower extremity B of the object A B: and paſ- 
ling on to the concave mirrour L (whoſe focus 
bat n) they will fall upon it at g, and be thence 
elected converging, in the direction g N, becauſe 
2 is longer than g n; and paſſing through the 
hole Pin the large mitrour, they would meet ſome- 
where about #, and form the lower extremity d 
of the erect image a 4] fimilarto the lower extre- 
mity B of the object AB. But by paſſing 
through the plano- con vex glaſs R in their way, 
they form that extremity of the image at 5. 
In like manner, the rays E, which come from the 
top of the object A B, and fall parallel upon the 
great mirrour at F, are thence reflected converg- 
Q 4 ing 
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ing to its focus, where they form the lower ex 
tremity K of the inverted image IX, ſimilar to 
the upper extremity A of the object AB; and 
thence paſſing on to the ſmall mirrour L, and 


falling upon it at h, they are thence refleed in 


the converging ſtate O; and going onthrough 
the hole Þ of the great 4 — will meet 
ſomewhere about 9, and form there the upper 
extremity à of the erect image ad, ſimilar to the 
upper extremity A of the object A B: but by 
paſſing through the convex glaſs & in their way, 


they meet and croſs ſooner, as at a, where that 


int of the erect image is formed. The like 
—— underſtood of af thoſe rays which flow 
from the intermediate points of the object, be- 
tween Aand B, and enter the tube, T Tz all the 
intermediate points af the image between and 
b will be formed: and the rays paſſing on from 
the image through the eye-glaſs S, and through 


a ſmall hole e in the end of the leſſer: tube , 


they enter the eye f,, which ſees the image «4 
(by means of the eye-glaſs) under the large 
angle ce d, and magnified in length, under that 
angle from c to d. Win — 

In the beſt reflecting teleſcopes, the facus of the 
ſmall mirrour is never coincident with the focus 
m of the great one, where the firſt image II 
formed, but a little beyond it (with reſpect to 
the eye) as at : the conſequence of which 1s, 
that the rays of the pencils will not be parallel 
after reflection from the ſmall mirrour, but con- 
verge ſo as to meet in points about 9, 6 73 where 
they will form a larger upright image than a%, 
if the glaſs R was not in their way: and his 
image might be viewed by means of a ſing(e 


eye-glaſs properly placed between the image 10 


ih, 
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ſs, and conſequently not ſo pleaſant; for which 
reaſon, the glaſs R is ſtill retained, to enlargg 
the ſcope or area of the field. i gind 

To find the magnifying power of -this tele- 
ſcope, multiply the focal diſtance of the great 
mirrour by the diſtance of the ſmall mirrout 
from the 1mage next the eye, and multiply the 
focal diſtance of, the ſmall mirrour by the focal 
diſtance of the eye-glafs : then, divide the pro- 
duct of the former multiplication by the pro- 
duct of the latter, and the quotient will expreſs 
the magnifying power, _— 


I ſhall here ſer down the dimenſions of one of 


Mr. Short's reflecting teleſcopes, as deſcribed in 
Dr. Smith's Optics. | \ 
The focal diſtance of the great mirrour 9.6 
inches, its breadth 2. 3; the focal diſtance of the 
{nall mirrour 1.5, its breadth; o. 6: the breadth 
of the hole in the great mirrour 0.5; the diſtance 
between the ſmall mirrour and the next eye-glaſs 
14.2; the diſtance between the two eye-glaſles 
2.4; the focal diſtance of the eye-glaſs next the 
metals 3.8; and the focal diſtance of the eye - 
glaſs next the eye 11. | | 
One great advantage of the. refleCting tele- 
ſcope is, that it will admit of. an eye-glaſs of a 
much ſhorter focal diſtance than a refracting 
t:lcſcope will; and, conſequently, it will mag- 
nify ſo much the more: for the rays are not 
coloured by reflection from a concave mirrour, 
it be ground to a true figure, as they are by 
paſſing through a convex- glaſs, let it be ground 
ever ſo true. | ; | 
The adjuſting ſcrew on the outſide of the 
great tube fits this teleſcope to all ſorts of eyes, 
by bringing the ſmall mirrour either nearer to 
le eye, ar remoying it farther; by which 
| 1 ds means, 
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more its pencils of rays will diverge beta 
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means, the rays are made to diverge #808 
mort - ſighted eyes, or to converge for thay 
long ſight. | .- Pu 

The nearer an object is to the tele 


fall upon the great mirrour, and theππ 
will be the longer of meeting in points ae 
feftion; ſo that the firſt image TATE 
formed at a greater diſtance from the 
rour, when the object is near the tele a 
when it is very remote. But as this? mul 
be formed farther from the ſmall mira 
principal focus , this mirrour muſt 
ſet at a greater diſtance from the lag 
viewing near objects, than in view 
ones. And this is done by turning ti 
the outſide of the tube, until the mai 
be fo adjuſted, that the object (or vals 
image) appears perfect.  — 
In looking through any. teleſcope town 
object, we never ſee the object itſelſ ran 
that image of it which is formed neꝶt 
the teleſcope. For, if a man holds his Rn 
ſtick between his bare eye and an o 
hide part (if not the whole) of the obj(&_ 
his view. But if he ties a ſtick acroſs hams 
of a teleſcope, before the object. glaſ mn 
no part of the imaginary object he awauna 
the teleſcope before, unleſs it covers Tthemans 
mouth of the tube: for, all the effe wal 
make the object appear dimmer, be 
tercepts part of the rays. Whereas 
only a piece of wire acroſs the inſide OR 
between the eye · glaſs and his eye, it M 
of the object which he thinks he ſewn 
proves that he ſees not the real oH,ννν 
image. This is alſo confirmed by mean 
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CD, placed in a hole of 'a'\'window-ſhirrer 


pictures of all the objects (as Helds, trees, build- 


,p 
other objects will ſeem to go round C, Yecau 
the oblique planes, on which the rays 4 5, 6 
fall, will go round by the turning of the glaß 
The camera obſcura is made by a convex gli 


Then, if the room be darkened ſo, as no ligh 
can enter but what comes through the glaſs, the 


ings, men, cattle, &c.) on the outfide, will be 
ſhewn in an inverted order; on à White paper 
placed at & H in the focus of the glaſs: and vil 
afford a moſt beautiful and perfect piece of per- 
ſpectise or landſcape of whatever is befote the 
glaſs ; eſpecially" if the ſun "Mines upon the 
objects. Mn. 
if the convex glaſs C D be placed ina tube in 
the ſide of a ſquare box, within Which is the 
plane mirrour EF, reclining backwards in a1 
angle of 45 degrees from the perpendicular (5 
* the pencils of rays flowing from the outward ob- 
jects, and paſſing! through the convex'plaſy to 
the plane mirror, will be reflected upward; 
from it, and meet in points, as I and & (at the 
ſame diſtanee that they would have met at H an 
G, if the mirrour had not been in the Fay) and 
will form the aforeſaid images on an oiled 
ſtretched horizontally in the direction 7K; 0 
which paper, the out- lines of the images may 
be eaſily drawn with a blaek - lead pencil; and 
then copied on a clean ſheet; and coloured by 
art, as the objects themſelves are by nature— 
In this machine; it is uſual to place a plane glal, 
unpoliſhed, in the horizontal ſituation 7K, which 
glaſs receives the images of the out ward objects; 
and their outlines may be traced upon it by 1 
black - lead pencil. ＋ 
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v. B. The tube ia which the convex gla{s 
PD is fixed, muſt be made to draw out, or puſh 
in, ſo as to adjuſt the diſtance of that glaſs from 
the plane mirrour, in Ke to the diſtance 
of the outward objects; which the operator does, 
until he ſees their images diſtinctly painted on 
te horizontal glaſs at 1 X. ren, 

The forming a horizontal image, as 7 K, of an 
right object 4 B, depends upon the angles of 
ncidence of the rays. upon the plane mirrour 


* EF, being equal to their angles of reflection from 
per For, if a perpendicular be ſuppoſed to be 
the crawn to the ſurface of the plane mirrour at e, 
the where the ray A a Ce falls upon it, that ray will 
e be reflected upwards in an equal angle with the 
be in aber ſide of the perpendicular, in the line ed 7. 
; the WY Again, if a perpendicular be drawn to the mir - 
in an WY rour from the point 7, where the ray A 6 falls 
rissen it, that ray will be reflected in an equal 
| ob- nge from the other fide of the perpendicular, in 
6 10 BY thc line 75 J. And if a perpendicular be drawn 
rards WY from the point g, where the ray Acg falls upon 
the we mirrour, that ray will be reflected in an equal 


angle from the other ſide of the perpendicular, in 


nde line g i J. So that all the rays of the pencil 
aper N be, flowing from the upper extremity of the 
cc 4 B, and paſſing through the convex glaſs 


CD, to the plane mirrour E F, will be reflected 
from the mirrour, and meet at I, where they will 


| by BY form the extremity J of the image 7K, ſimilar 
.- WF ' the extremity A of the object 4B. The 
laſs, le is to be underſtood of the pencil q rs, flow- 
hich ng from the lower,extremity*of the object 4, 


d meeting at K (after reflection from the plane 
mirrour) the rays form the extremity K of the 
mage, ſimilar to the extremity B of the object: 
and 10 of all the pencils that flow from the in- 


termediate - 
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termediate points of the object to the mind 

through the convex glaſs. ** 
If a convex glaſs, of a ſhort focal diſtance, be 
| placed near the plane mirrour, in the end of x 
The ſhort tube, and a convex glals be in 
epera- hole in the ſide of the tube, ſo as the image muy 
g/a/i. be formed between the laſt - mentioned eonver 
glaſs, and the plane mirrour; the image being 
viewed through this glaſs will appear magnified 
In this manner the glaſſes are con- 
ſtructed; with which a gentleman may look 1 
lady at a diſtance in the company, and the 

y know nothing of it. | + 

The image of any object that is placed befor 
a plane mirrour, appears as big to the eye as the 
The com. object itſelf ; and is erect, diftin&, and ſcemi 


A Trg Sr a 


' But 


ing 
mon Jook- 1 as far behind the mirrour, as the object is bs 
fo 


ir glaſi. fore it: and that part of the mittour, which 
reflects the image of the object to the oye (the 

eye being ſuppoſed equally diſtant from the glu 

with the object) is juſt half as long and half 

broad as the object itſelf. Let AB be an cb. 
Fig. 3- jet placed before the reflecting ſurface-g bi d 
the plane mirrour C D; and let the eye be . 

Let Ah be a ray of light flowing from the top 

Aof the object, and falling upon the mirroutit 

h and hn be a perpendicular to the furface of 

the mirrour at þ: the ray 4 b will be refledes 

from the mirrour to the eye at v, making ut 

angle m h equal to the angle A bw: then vil 

the top of the image E appear to the eye in the 
direction of the reſſected ray ob produced to f 

where the tight line Ap E, from the top of the 

object, cuts the right line oh E, at B. Let B. 

be a ray of light proceeding from the foot of the 

object at B to the mirrour at i; and i a pet. 


pendicular to the mirrour from the point 
7 : where 
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where the ray Bi falls upon it: this ray will be 
reflected in the line i o, making an angle i o, 


„e cqual to the angle Bin, with that perpendicu- 
, and entering the eye at 0: then will the 
boot Fof the image appear in the direction of 
nay the reflected ray oi, produced to F, where the 
night line B F cuts the reflected ray produced to 
DLL the other rays that flow from the inter- 
red BY nncdiate points of the object A B, and fall upon 
00- the mirrour between b and i, will be reflected to 
e eye at o; and all the intermediate points of 


the image E F will appear to the eye in the di- 

 rection line of theſe reflected rays — 

hut all the rays that flow from the object, and 

fall upon the mirrour above , will be reflected 

back above the eye at o; and all the rays that 

flow from the object, and fall upon the mirrour 

below i, will be reflected back below the eye at 

0: ſo that none of the rays that fall above þ, or 

below i, can be reflected to the eye at 03 and 

the diſtance between þ and i is equal to half the 

length of the object AB. | 

Hence it appears, that if a man ſees his whole | 

image in a plane looking-glaſs, the part of the il des 
glas that reflects his image muſt be juſt half as his imaze 
long and half as broad as himſelf, let him ſtand in a plane 
i any diſtance from it whatever; and that his 1 4 
mage muſt appear juſt as far behind the glaſs as}; but 

ke is before it. Thus, the man AB viewing half his 
himſelf in the plane mirrour C D, which is juſt height. 
balf as long as himſelf; ſees his whole image as F 4: 


F=aninrSs-2mT» Ss © 


E, behind the glaſs, exactly equal to his 
the een ſize. Fot, a ray AC proceeding from — 
Diet 4, and falling perpendicularly t 

the ire of the gag 4. Cy b reflected back u his 
det. de in che fame line C 4; and the eye of his 


39 
1 * 


Mage will appear at E, in the — = 
a uc 
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duced to E, beyond the glaſs. - And a y g 
flowing from his foot, and falling obliquely cn 
the glaſs at D, will be reflected as obliquely on 

the other ſide of the perpendicular a D, in the 
direction D A; and the foot of hig irnage will 
appear at F, in the direction of che teſſe 
A D, produced to F, where it is cut by che tight 
line 6 G V, drawn parallel to the right line ACE, 
Juſt the fame as if the glaſs were talen away, 
and a real man ſtood at J, equal in ſiae to the 
man ſtanding at B; for to his eye at A, the eye 
of the other man at E would be ſeen in the d- 
rect ion of the line ACE; and the foot of the 
man at F would be ſeen by the eye A, in the 
direction of the line AD f. | 
If the: glaſs be brought nearer the man 48; 
as ſuppoſe to cb, he will ſee his image a8 ut 
CDS: for the reflected ray C A (being perpen- 
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dicular to the glaſs) will ſnew the ehe of the . 
image as at C; and the incident ray 3A, being , 
reflected in the line þ A, will ſnew the foot of his N lou 
image as at G; the angle of reflection a A being Wl wii 
always equal to the angle of incidence Bb «: WW nor 
and fo of all the intermediate rays from to. Wl vil 
Hence, if the man AB advances towards the WW they 
gla's C D, his image will approach towards it; Wl vil 
and if he recedes from the glaſs, his image vil NN bur 
alſo recede from it. „Ae | quit 
| Having already ſhewn, that the rays of light I chan 
are refracted when they paſs obliquely throug Mr. 
different mediums, we come no to chat vic 
ſome rays are more refrangible than others:; and om 
that, as they are differently refracted, they ex- ¶ ¶ uds 
cite in our minds the ideas of different colouts- Ti 
- This will account for the colours ſeen about the We th 
edges of the images of thoſe objeds weh av Wiſe di 


viewed through ſome teleſcopes. 


L 
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Let the ſun ſhine into a dark room through 4 Fig. 5. 
{mall hole, as 5 ce, in , 8 and | 
of ein 1 * 
Len boch a manner, that the beam may fall 
lquely on one of the, ſides « C of the priſm. 
The rays will ſuffer different refrations by paſ- The 
ſing through the Pros ſo that inſtead of going N. 
il out of it on the fide 47 C, in one direction, 
they will go on from it in the different directions 
repreſented by the lines. /, g, B, i, &, l m,n; and 
falling upon the oppoſite lide of the room,” or 
on white paper placed as at p , to receive them, 
they will paint upon it a ſeries of moſt beautiful 
hely colours (not to be equalled by art) in this The ce 
order, viz. thoſe rays which are leaft refra ed by , * 
the priſm, and will therefore go on between the ; 
lines v and m, will be of a very bright Intenſe 
rd at u, degenerating from thence gradually in- 
ban orange colour, as they are nearer the. line 
: the next will be of a fine orange colour at 
n, and. from thence degenerate into a yellow co- 
bur towards / : at I they will be of a fine yellow, 
which will incline towards a green, more and 
more, as they are nearer and nearer E: at & they 
vil be a pure, green, but from thence towards # 
they will incline gradually to a blue: ar i they 
vil be a perfect ove, indining to an indigo co- 
bur from thence towards h;: at b they will be 
quite the colour of indigo, which will gradually 
change towards a violet, the nearer they are to 
: and at g they will be of a fine violet colour, 
wich will incline growually © a red as they 
Ty nearer to 7, where the coloured image 
; ir ad 
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There is not an equal quantity of rays in each 
theſe colours; for, if the _— image 7.4 
& divided into 360 5 parts, the red 2 
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80: all which ſpaces ate as nearly pro 
the Figure as the ſmall ſpace 7p wo 


making the lines © A and © B includes & 
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R will take up 45 of theſe parts; the grunge 
1 we yl e 
In 

If all theſe colours be blen 1 : 


they will make a pure white; as is 
Take away the paper on «hich che colours py 
ell, and place a large convex glaſs D ih the 
"5: 6, A. Which will refrack them {6, us to wile 
them unite and croſs each other and if 
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white paper be placed to receive chem, they will BI - 
excite the idea of a ſtrong lively White, Bocff * 
the paper be placed fa ther from Hhe glaſs, i « BN / 
r 5, the different colours will appear agaih va Wl , - 
it, in an inverted order, occafiohed bythe wp 
croſſing at W. eb to bo 
As white is a compoſtrion of all edjour, b WW; 
black is a privation of them all, and, "therefor, BN - 
properly no colou.. „ N } 
Leet two concenttic circles be n 4 * 
fmooth round board ABCDE FG, Md oe 
outermoſt of them divided into 380 equal ing 

thro 


8 then, draw ſeven rig knes;;43 04 
© B, &c. fromthe center to the'outermoſt etck; he 


rees of that circle; the lines © B and e 
rees; ©Cand © D 60; GD and'©F boy 


45 Then, between theſe two circles, paint the 
pace AG red, inclining to orange near . 
orange, inclining to yellow near F; FEy@lov, 
inclining to green near E; ED green, Welihing 
to blue near D; D C blue, inclining to wy 
near C; CB indigo, inclining to Violet near 4 
and B A violet, inclining tò a ſoft ted ne 4 
This done, paint all that part of che board = 
| o 


eas -- 
which lies within the inner circle; and All the 
u axis through the center of he „ ler cn 
be turned very ſwiftly round that axis, fo as the Mended 
ys proceeding from the above colours, may be together, 
al blended and mixt together in coming to make a 
the eye; and then, the whole coloured part will white, 
pear like a white ring, a little greyſh ; not 
perfect whats, | becauſe no colours prepared by 
art are 
Any of theſe colours, except red and violet, 
may be made by mixing 6. 2 omg the two con- 
tiguous priſmatic 155 20 us, 22 is | 
by mixing t a dur Proportion orange 
and preen ; on may be made by a mir 
ture of yellow and blue. 
All bodies a of that colour, whoſe | rays 
they reflect n body appears red when 
trefle&ts moſt of the fed-making rays, and ab- 
ſorbs the reſt. | 
Any two of more colours that are quite tranſ- mage 
parent by themſelves, become dpake when pat re rent co- 
gether, HK wy or ſpirits of wine be 2 


tal, every object ſern . if 
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woch! 
6 toug it will becauſe it lets 
1 the red rays ns gh it, and ſtops Ai he kde, 


% 4 
> 


a phial, all obj hit will appear 
due, becauſe. it tranſmits only the blue rays, and 
flops all the reſt. But if theſe two pbials are 
teld cloſe together, ſo as bath of them ma oy 
derween the eye and object, the object w 
more be ſeen R Sia eee a ola 
df metal ; for whatever rays are tranſm 
larough the fluid in the ial next the object, 
« [topped by that 1 in the lal next the eye. 
in this experiment, the phi nat to he 
und, but ſquare; — 
R 2 
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flow, 


ing but the 
lighe 


Of. Optics. 1 
light itſelf can be ſeen through a N 
parent body, at any diſtance. N my 


As the rays of if ht ſuffer differen Merent degree th 
of refraction by Ns ol Ae thro * th 
| | wen, or Uliroiight a convex glals, and are thereby ej 


eparared into all the fave original or prima 

3 ſo they alſo popes differen of 
refraction by paſſing through" drops 
rain; and wen denz . towards * 
from the ſides of theſe drops which are furtbeſ 
from the eye, and again refracted by paſſing ou 
of theſe drops into the air, in whtd rs 
directions they come to the 2 7 
the colours to appear in the form off fine 
in the heavens, which is called the vi. Je. 

There are always two rain. bows ſeen togrthe?, 
the interior of which is formed by the fa) «4, 
which _ ＋ 5 the upper part I, of the drop 'N3 
Bc d, are refracted into the line 6 A rhey em 7 
the drop, and are reflected from the back of it & i 
c, in the line c 4, and then, by po our a | 
drop into air, they are again it'd; way”"" 
from thence they paſs on to the eyeat.e: "ot ha 
to form the interior bow, the rays ſuffet two n 
fractions, as at 0 and 45 r 
at c. —_— 

The exterior bow is formed by __ 
ſuffer two reflections, and yt re E 
which is the occaſion of its bein 
the interior, and alſo of its colouts "ei overt 
ed with reſpect to thoſe of the . oh Th 
when a ray ab falls upon the lower 
drop b cde, it is refracted inw'the; j 
by entering the drop; and palfing on to tang” 
back of the drop at c, it is thence ted in che 'n 2 
line c d, in which direction it is impolſible for Mr . 
to enter = eye at f: but by being again ref 
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e from the point 4 of the drop. it goes on in 
1 the drop to e, where it paſſes out of the drop into 
Ki the air, and r 2 


aeg 7 
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re rin and 2 of the lakes, and — 
lary ſphere. 
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F a map o of the world be ready delineated The ter- 
on a here ball, the ſurface thereof will r: 
epreſent the ſurface of the earth: for the higheſt c 
filz are ſo inconſiderable with reſpect to che bulk 
f the earth, that they take off no more from its 
wundneſs, than grains of fand do from the 
nundneſs of a common globe; for the diameter 
of the earth is 8000 miles, in round numbers, 
ad no known hill upon it is three miles in per- 
pendicular height. 
That the earth is ſpherical, or round 1 | 
obe, appears, 1. from its caſting a round 'the carth's 
uon upon the moon, whatever ſide be turned dent Slo- 
prards her when ſhe is —— 2. From its 
uring been ſailed round by perfons,' 
From aur ſeeing the farther, — higher we 
nd, 4. From our ſeeing the maſts a ſhip, | 
tl the hull is hid by "the convexity of the 
And that 


The anrafive power of the earth draws all it may be 
freſtrial bodies towards its center; der Pa. e- 
at from the· deſcent of bodies in lines per- nchen 
adicular to the carth's ſurface, a n e — 
heron chey fall; even when they row being in 
© from the earth ee Bl, ind Con- danger - 
quently, in 2 directions. So that the.) from 
R 3 earth it, 
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246 © Of the Heavens and the Earth. 
Lerch may be compared to a great magnet rolled 
in flings of ſteel, which attracts and keeps them 
equally faſt to its ſurface on all ſides. , Hence, 
as all terreſtrial bodies are attrafted toward the 
earth's center, they can be in no danger of fil. 
ing from any ſide of the earth, more than from 
any other. 1147 229 1 
Us and The heaven or ſky ſurrounds the whole earth: 
daun, and when we ſpeak of up or dumm,, we mean 
what. only with regard to ourſelves ; for no point 
either in the heaven, or on the ſurface of the 
earth, is above.or below, but only wich reſpett 
' - to ourſelves. And let us be upon whit part of 
the earth we will, we ſtand with aur feet to- 
wards its center, and our heads toward the ſky: 
and fo we ſay, it is up toward the ſky, and dew 
toward the center of the cariun.. 
All ob- Jo an obſerver placed any where, in the is- 
jets in definite ſpace, where there is nothing to limit 
_ — his view, all remote objects appear equally 
pear «©. diſtant from him; and ſeem to be placed. in 
quallydiſ= vaſt concave ſphere, of which his ee is the 
tant. center. Every aſtronomer ,can.; demonſtrate, 
that the moon is much. nearer to us than the fun 
is; that ſome of the planets. are Jomeumcs 
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maaner, infinitely more diſtant, fraam u that 

— 

The face . y diſtant from us. Therefore, f 

of the «Imagine a large hollow ſphere of, glaſs p þ 

heaven as many bright ſtuds. fixed t0 it 

and earl there ate ſtars viſible in the heaven; ets 
4/445 * TX 


this 
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Of the Heavens ond (be Earth. 247 
ſtuds to be of different magnitudes, and placed reprefent-, | 
u the ſame angular. diſtances from each other ee 
u the ſtars are; the ſphere will be, à true rey 
preſentation of the ſtarry heaven, to an eye ſup- 
poſed to be in its center, and viewing it all 
zound, And if a ſmall globe, with, a map of 
he earth fte i on an axis in the 
center of this ſtarry ſphere, and the ſphere be 
made to turn round on this ais, it will repre- 
een MAYOR a eee 
the 3 | 


If a great circle be ſo drawn upon this ſphere 
4 to divide it into two equal parts, or 
phos and the plane of the circle be perpen- 
cular to 8 the | * oy Oe _ 

ent the equineFial, which divides the he 
1 two equal parts, called the yortbern and e 
u- de /outbern bemiſpberes; and every point of that 
mi circle will be equally diſtant from the poles, rr 
ends of the axis in the ſphere, That pole which The pole. 
vin the middle of the northern hemiſphere, 
vill be called the north pole of the ſpbere, and 
ne, chat which is in the middle of the ſouthern hemi- 
pere, the ſouth kn.. 

If another great circle be drawn upon the 
Here, in — Net — cut the equinge- 

at an an 23% sin two oppolue 
points, it will repreſent. the ecliptic, or circle of The eclip- 
the ſun's apparent annual motion: one half of 
vich is on the north fide of the equinoctial, 
ad the other half on the ſouth. | 

If a large ſtud be made to move eaſtward. 
lis ecliptic, in ſuch à manner 2s to go quite 
round it, in the time that the ſphere is turned 
ound weſtward 366 times upon its axis; this - 
lud will repreſen the ſun, changing his place The fas. 
"ery day a 365th part of che ecliptic and 

R 4 going 
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—_— Of the Heavens and the Earth. 
going: round, weſtward, the ſame way as the 
| ftars do; but with a motion ſo much flawer tha 
the motion of the ſtars, that they will make 366 
revolutions about the axis of the ſphere; in the 
time that the ſun makes only 365. During one 
half of theſe revolutions, the ſun will be an the 
north fide of the equinoctial; during the other 
half, on the ſouth ; and at the end of each half 
in the equinoctial. FP 9 Hi 
Theearth, If we ſuppoſe the terreſtrial globe in this ma 
chine to be about one inch in diameter, and de 
diameter of the ſtarry ſphere to be about fre 
or ſix feet, a ſmall inſet on the globe would fe 
only a very little portion of its ſurface; hut # 
would ſee one half of the ſtarry ſphere ; the con- 
vexity of the globe hiding the other half from iu 
The ap- view. If the ſphere be turned weſtward round 
parent. the globe, and the inſect could judge of the a 

motion of . . 

OF ubehes. PEATANCES which ariſe from that motion, it wou 
vers, ee ſome ſtars riſing to its view in the ealter 
ſide of the ſphere, whilſt others were ſetting ay 
the weſtern : but as all the ſtars are fixed to the 
ſphere, the ſame ſtars would always riſe in the 
ame points of view on the eaſt ſide, and ſerin 
the fame points of view on the welt ſide. With 
the ſun it would be otherwiſe; becauſe the ſua 
is not fixed to any point of the ſphere, but 
moves (lowly along an oblique cirele in it. Av 
if the inſect ſhould look towards the ſouth, nd 
call that point of the globe, where the equ# 
noctial in the ſphere ſeems to cut it on the ei 
ſide, the eaft-point z and where it cuts the globe 
on the right fide, the wet point; the lite ant 
mal would fee the ſun riſe north of the eaſt, and 
ſer: north of the weſt, for 182þ revolution 
after which, for as many more, the ſun would! 
riſe ſouth of the caſt, and fer. ſouth wk 
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wt. And in the whole 1 8 ata a 
fun would riſe only twice 
et twice in the weſt, All theſe 155 
would be the ſame, if the 
fill (the ſun only moving in the ! 
the earthly globe were * round * 
the ſphere eaſtward. For, as the He whe 
be carried round With the globe, be would 
vite inſenſible of its motion; and the ſun and 
far would appear to move weſtward. | 
Me are but very ſmall _—_ when com 
ith our earthly globe, and 7 lobe ie, is b 
: dimenſionleſs point compared with the mag- 
nude of the ag heavens. n the 
earth be at reſt, and the heaven turns round 
or the heaven be at 'reſt, 5 will be ny 
round, the a nce to us will be exactly t 
ame. And 1 the heaven is ſo 4 
urge, in compariſon of the earth, we ſee 
half of the — as well from the earth's ſur- 
fice, as we could do from its center, if the 
-y of our view are not intercepted. by, 
$ 
We may imagine 2s many circles deſcribed cini of 
mon the earth as we pleaſe; and we oy ; the ſphere. 
imagine the plane of any circle deſcribed u 
the mou be CO 4 mark 
arcle in the concave ſphere of the ens. 
The horizon is either ſenfible or rational. There leri- 
le horizon is that circle, which à man ſtand ***- 
obſerves to terminate 
bs view all around, Where the heaven and earth. k 
em to meet. The lane of our ſenſible hoff: 
wn continued to the heaven, ' divides it ine two. 
temiſpheres ; one Viſible to us, the other by by. 
de convexity of che karth. 1 eg 


Ways + 


og upon a large 
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* 


through the center of the ear; 
continued to the heavens. And 


Poles, 


Egrator. 


| n rough chat place and the pol of 
th, We may imagine 
N ians as we pleaſe, TT 


two equal parts, called the northern and ſouthern 


; ꝗꝶ‚v is 
parallel to the plane of the ſeobible; | 
earth, 1 


plane af the ſenſible horizon touch 
in the place af the obſerver, yet this _plan, 
and that af the rational i K. 
coincide in the heaven, becauſ, 


2 à point compared to N 


The earth being a ſpherical hody, the hor- 
'zon, or limit of our view, mult | hangs as ue 
0 our 
les of the eart are choſe two a 
hs Cunt in Which h axis pe rap 
* l called (hg north poly, mne 
out | 
1 th of the beaven, are thoſe two pon 
in which the earth's axis produced terminates i 
the heaven : ſo that the berth gals of the pena 
is direct iy over the north pole af the earth ; 1 
the fauth pole of the CL is directly over tte 
ws e of the earth. SE" 
TP: > A. is A rea circle upon 
every part of hic equally diſtant fran 
either 775 the pales, I: divides the earth inn 


bemiſpheres. If we ſuppoſe the 128 1 5 
cirele to be extended to the heav 
mark the equinais! therein, 2 
heaven ita two equal parts, called 
3 tulbern hemiſpberes of the . 
he lian, of any. plipe is 2.0008 i 


i 


many. 
[any place th 


„ 


ever ſo little to the eaſt or weſt of any other 
has a different meridian from that place: 


Rn circle 9 n 
_ divided by. the 


pales of 

The meridian of any 

— into two ſemicircles : N which paſſea 
vgh the place is called dh e geographical, ar 
neridian; and that, I paſſes through 
E is called the lower meridian. 

When the rotation of the earth brings the Nea and 
plane of the geographical . to * — * 
it is #008 Or mid-day to 22 
the lower meridian comes to fun, 4 


webt. 

Al places lying under the ſame 

meridian, have their noon at the ſame time, and 
conſequently all the other hours. All thoſe 
places are ſaid to have the ſame /ongitude, becauſe 
o one of them lies either eaſtward or n 
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ume. 1 as the equator. contains 360 de · 
grees, chere will be degrees contai ined be: | 
tween any two of 1 hich are 
deareſt to one another: for 24 times 4 ls 360. 
dad as e 's 
parent motion will be weſtward, at the rate 
way degrees each hour,, Therefore, 

whoſe 
Abi nat rom us, have noon, and every 
er bout, an bout ſaager than we have. They 
vdoſe meridian is fifteen degrees 1 


#52 Of the Heavens and the Barth, 
us, have noon, and every other hour, an hour 
later than we have: and fo or in proportion, 
reckoning one hour for every fiſteen degrees, 

As the earth turns round its axis onde in 24 
hours, and ſhews itſelf all round to the fun in 
| thar time; fo it goes round the ſun one a year, 

Ediztic. in a great circle called the ecliptic,” which crofles 
the equmoctial in two oppoſite points: making 
an angle of 23 degrees with the eq uinoctial on 
each ide. So that one half of the ecliptic is in 
the northern hemiſphere, and the other in the 
fouthern. It contains 360 equal parts, called 

degrees (as all other circles do, whether great 
or ſmall) and as the earth goes once round it 
every year, the ſun will appear to do the ſame, 
changing his place almoſt a degree; at a mean 
rate, every 24 hours. So that whatever place, 


or degree of the ecliptic, the earth is in at am K 

time, the fun will then appear in the oppoſite, bo 

And as one half of the ecliptic is on the north 15 

fide of the equinoctial, and the other Half on the u 

ſouth; the ſun, as ſeen from the earth, will be a 

half a year on the ſouth fide of the equinodtial, f z. 

and half a year on the north: and twice a yeat tec 

in the equinoRtial itfelf, t. "_y 

ce and The ecliptic is divided by aſtronomers into ores 
agrees. 12 equal parts, called fiyns, each ſign into 30 By”. 
degrees, and each degree into 60 minutes: but Bl | 

in ufing the globes,” we ſeldom want the Tun's 10 

place nearer than half a degree of the truth. — 

FTpbe names and characters of the 12 figus e dec. 

as follow ; beginning at that point of the eclp- BW. | 

ric where it croſſes the equimoctial to che nord: be r. 

ward, and reckoning eaſtward Yound to the f 5. 

ſame point again. And the days of the months croſ 

on which the ſun now enters the figns, are i H d 


Nail Aan 


down below them. . 
9 Ci, 


Aries, 


＋ 
March 
204 


K 
July 
23 i e qo B+ 
ui. e, ee W . ji, 
Norenbl? „6 * „ae February 


23. c rn 


By dio on what day the ſun enters 
iy particular ſign, we may eaſily find his 
place any 20 terward, wh 


ign, by j reckoning e degree, for ch 
ic 


uſing the globes. 

When the fun is at the begio 22 
he is in the equinoCtial ; phy 75 

declines northward every. day, 4 ths oy 
to the beginning of Cancer, which. is 23% de- 
gets from the ere, from thence he re- 
cedes ſouthward every day, for half a year; = 
the middle of which half, he croſſes the 

nottial at the Ken, e 87 Libra, and «1 The 
end of that half year, he 5577 greateſt ſouth 
&clination, in tñe begipning of Capricorn, which 
k alſo 2 3; degrees from the equinoctial. Then, 
be returns northward from Capricorn every day, 
for half a year; in the middle of which, half, be 
ofſes the equinoRtill at the beginning of Ae 
ud at the end of 1 it he arrives at Cancer. n 
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he- is in chat 
h will ieee Gy | 


The $ 


18 


| The ſun's motion in the ecliptic is not per. 

— equable, for he continues eight den 

r in the northern half of the ecliptit, that 

2 ſouthern : fo that the ſummer half ye; 

| in the dhadion hemiſphere, is eight days longer 

than the winter half year; and the contrary u 

the ſouthern hemiſpherſſſdGe. 

rin. The tropics are ſeſſer circles in the heave 

parallel to the equinoctial; ont bn each Hide of 

it, touching the ecliptic in the points oy 

greateſt declination i that each tro 

232 es from the equinoctial, ok. on th 

north de of %, qad_the whe OE 

The northern tropic touches the ecliptic at the 
—2 of Cancer, the ſouthern at the begin 

apricorn ; for which reaſon the forme 

i eden the Iropic of Cancer, and the latter the 


e e Thins $648 heaveh, the ah 
cls. 231 degrees from the poles, all around. TI 
which goes round the north pole, is called ts 
arctic circle, from den, which fignifics a bur; 
there being a collection or groupe of ſtam nex 
the north pole, which goes by that nüme. "Tit 
forth pelar- circle, is called the aht wk, 
from its being oppoſite to the arctic. 
The ecliptic, tropics, and polar circles, u 
drawn upon the terreſtrial as well x 
upon the celeſtial. But che ecliptic, being i 
fixed circle in the heavens, Wal 
be ſaid to belong to the terreſtrial 
and is laid down upon it only for the convemer n 
of ſolving ſore * — So that, if ch 
circle on the terreſtrial globe was properly 0 
vided into the months and. days of the ent, 
would not only fuit the globe better, but wow! 
wo make the problems thereon much caber. 
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| order th Solan true idea „e 
motion rou Axis every 2 4 hours, 

de cauſe of day and night; and of its morion 
in the ecliptic round the Tan Evety ent, hic 
s the cauſe of the different letigths of days 
tights, and of the viciſitude df ſeaſons; rake 
de following mechocd, which. wil be doch caly 
and pleaſant. 

Let a ſmall il globe, of about tires An idenof 
nches diametet, be fuſpended by 4 long thread the . 
rviſted filk, Ext tb its north pole : then hav- 
ng placed a lighted candle on a table, tb 4 
tnt che ſun, in the center of 4 bbop 
aſk, which ods _ the epic the 055 


making an angle ith che Fl | 
ef the table; hang 1 75 7 Fn 

rr to it; and if the table de oj 
tr of the globe will be 2 1 0 khe 

ud the pus of che heop wilt cut the equator 
tin angle of 234 degrees; fo 8 half uf 
de equator wi above the 

Kher half below it: and the ud wi will en- 
ten one half er the globe,” us the Nan 
düghtens one Half of the eurck, whilft the 
her half is in the Uark. , © | 
Things beihg thus p „ twiſt the thread 
wurde the left hahd, that wy may turn dhe 
pode the ſame way by whewilting;, chat is, from 
lt, by ſouth, to èaſt. As the globe ty 


— TS ww. — ca _ 
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und its axis or thread "'S Ferenc plates 
u 


b ſurface will go gh rhe light 
d dark; and have, us 4 oy vo alternate 
m of day and night in each tdtatibh. As 
globe continues to turn a and Ae 
. to the KN - bx 
und the dop b rom w | 
cb, to eaſt; AA: is the way tht 2 of 

moves 


moves round the ſun, . once 4 year, in the 
ecliptic; and you will ſee, that whillt the globe 
continues in the lower part of the hoop, the cap 
dle (being then. north of the equator) will con. 
ſtantly ſhine round the north pole; and all the 
northern places which go W 40, p « 

5 


the dark, will go through a leſs portion 
they do of the icht; ahd che more fd, f 
ther they ate from the equatar/;. conlequendy, 
their days are then longer than their; nights 
When the globe comes to a point in the hoop, 
mid-way between the higheſt and lowelt points, 
the candle will be directſy over he equator, and 
will enlighten the globe juſt from pole to, poles 
and then every place on the globe: 
through equal portions of light aud Mb 
as it runs round its axis; ant conſequently, the 
dn and 'night will be of equal Kg 4 
laces upon it. As the globe advances thencs 
orward, towards the higheſt part of the hoof 
the candle will be on the ſouth” fide af the equa 
tor, ſhining farther and farther round the loud 
8 as the globe riſes higher and Higher in f 
oop; leaving the north pole as much in d 
neſs, as the ſouth pole is theh) in the 1105 3 
making long days and ſhort nights on the ſout 
ſide of the equator, and the contrary on 
north ſide, . whilſt the globe, continues. in Wl 
northern or higher ſide of the hoop;; and vt 
it comes to the higheſt point, the days will be 
the longeſt, and the nights at the ſhorteſt, in u 
ſouthera hemiſphere; and the feyerſe in i 
northern. As the globe advances and delcenK 
in the hoop, the light will gradually recede f 
the ſouth pole, and pet towards the ne 
pole, which will cauſe the northern days 
ngthen, and the ſouthern days 10 * 


: 


1 der rer 
Of the Heavens and the Earth. 


Ir middle point, between the higheſt and loweſt 


And thus at a. very ſmall expence, one may 


e cauſe of da 


de year together, with viciſſitudes of 
ting, ſummer, autumn, and winter, in each 
oval courſe of the earth round the ſun. WEE 
If the hoop be divided into, 12 equal parts, 


op, and reckoning eaſtward (or contrary. to 
apparent motion of the ſun) you will ſee 


In the ecliptic, as the glo 


4 . 


mand that whalſt the earth is in the 
northern half, and vice verſd: that the far- 
the polar circle, the greater is the difference 


e; and that t 


and 


8 


wines of the hoop, the candle will be over the 
wator, enlightening the globe juſt from pole 
pole, when eyery place of the earth (except 
i poles) will go through er of 
eht and darkgeſs; and conſequently, the day 
od night will be then equal, all over the globe. 


e 2 delightful and demonſtrative view ox 
ys and nights, with their gradual 
e and decreaſe: in len through the 


xd the ſigns be marked in order upon it, be- 
ding with Cancer at the higheſt point of the 


dhe ſun appears to change bis place every 

1225 lobe —— eaſt- 
Id along the hoop, and turns round its own. . 
b: and that when the earth is in a low ſign, 
u Copricory, the ſun muſt appear in a high |. 
i at Cancer, oppoſite to the. carth's real 


half of the ecliptic, the ſun appears in 
ay place is from the equator, between it 


een the 42 ſhorteſt day at that 
poles have but one day and 


light in the whole year. ITED 
eſe things — 2 we ſhall proceed to 
«{cription and uſe of the terreſtrial globe, 


PT £ 
be ſame proportion. When the globe comes to * | 
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The ter- 
reſtrial 


globe de- 


icribed. 


ſurement and obſervation. 


called the egſtern and weſtern beniiſpheres; © © 


there are circles drawn perpendicular y throug 


The Terreſtrial Globe deſeribed, -. 
and explain the geographical terms as they occur 
in the problems. © W 

This globe has the boundaries of land and 
water laid dowu upon it, the countries and 
kingdoms divided by dots, and coloured to 
diſtinguiſh them, the iſlands properly ſitoated, 
the rivers and principal towns inſerted,” as they 
have been aſcertained upon the "earth by mer 


The equator, eclipric, tropics, polar. circles, 
and meridians, are laid down upon the globe in 
the manner alread "deſcribed, The ecliptic is 
divided into 12 ſigns, and each 5 into 30 
degrees, which are generally fübcdfvided into 
halves, and into quarters if the 9 5 is large. 
Each tropic is 23 degrees ffont, the equator, 
and each polar circle 245; degrees: from it 
reſpective pole,” Circles, are dran paralle! u 
the equator, at every ten degrees diſtance fr 
it on each fide to the poles: © theſe circles ans 
called parallels of latitude. ' On large. globe 


every tenth degree of the equatar, interlectung 
each cher ar. poles :. bo 9 
under a foot diameter, they are only dan! 
through every fifteenth degree of the equator 
theſe circles are generally called meridians, ſor 
times circles of longitude, and at other times ber 
circles. ” 0209 ee 

The globe is hung in a braſs ring, called! 
braſen meridian, and turns upan a wire in e 
pole ſunk half its thickneſs into one Hide oft 
meridian ring; by which, meals, that fide « 
the ring divides the globe inrg two,equal part 


equator divides it into two equal Parts, called 
northern and ſeutbern bemiſpberts. © This tins 


divide 


divided into 360 equaP parts or degtect, on the 
fide wherein the axis of che globe turns. One 
half of theſe degrees ate numbered, and reck-' 
oned, from the equator to the poles where 
they end at 90: their uſe is to ſhe the latitudes” 
of places. The degrees on the other half of 
the meridian ring. are numbered from tie poles 
to the equator, where they end at 90: their” 
uſe is to ſhew'how to elevate either the north or 
ſouth pole above the horizon, according to the 
latitude of any given place, as it is north or 
ſouth of the Equator. = =” 

The braſen meridian is let into two notches 
made in à broad flat ring, called the wooden 
borixon, the upper ſurface of which divides the 
globe into two equal parts, called the per and 
lower bemiſpberes. One notch is in the north 
point of the horizon, and the other in the ſouth. 
On this horizon ate ſeveral concentric circles, 
which contain the months and days of the year, 


the ſigns” and degrees anſwering * to the ſun's * 
place for each month and day, and the 32 pints | 


of the compaſs.— The | uated fide of the 
braſs meridian lies ti wards the eaſt fide of the 
horizon, and ſhould be generally kept towarck 
the perſon who works problems by the globes. 

There is a ſmall horary circle, ſo fixed to the 
north part of the braſen meridian, that the wire 
in the north pole of the globe is in the center 
of that circle; and on the wite is an index, 
which goes over all the 24 hours of the circle, 
as the globe is turned round its axis. Some-' 


times there are two horaty circles, one between 


each pole of the globe and the braſen meridian; 
which is the contrivancè of the late ingenious Mr. 
Joſeph Harris, maſter of the affay-office in the 
Tower of London; and makes it very conve- 

5 8 2 > e eee WC 
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'nient for globe through 
the horizon, and — —— on pole to ſmall 
latitudes and declinations of the ſun ; -which-can- 
not be done where there, is only one ry cir- 
45 fixed to the outer edge of the Re 
ridian. | 


There is a thin lip. of braſs, 
drant of altitude, which is diyided-igto 
parts or degrees, anſwering, 
degrees of the equator, Ir, ieee 
to the uppermoſt point of 
by a nut and ſcrew. The diviſions 
nut, and the quadrant is turned rouge 1 it, 

As the globe has been ſeen by 
add upon the figure of which, in a > plac wh 
ther the circles nor 2 
e we judge 4 5 ud ene 71 (ahh 
to refer to a figure of 
ind ive ſome directions _—_— to 3 Tall cer a globe, 
A 1 Ne * 1 21 ＋— 

icefions, 1. See that the pa we 7 
— _— paſted on the f 4 — hich you e if 

g 0 
globes, the lines and circles thereon meet caddy and 

continue, all the way even and whole; heir 
cles not breaking into ſeveral arches, nor. the 
Papers either. coming ſhort, or lapping over one 
another. 

2. See that the colours be travſparent, and 
not laid too thick upon the globe to hide the 
names of places, 

3. Sce that the globe bang evenly between 
the braſen meridian and the wooden horizon; 
os inclining either to one ſide or to che 

er. 

4. See that the globe be as cloſe to the bor 
zon and meridian as it.conveniently may 
wie you, will be too much. puzzled . to God 


3 .- -- 


Ws ar Ve, 8 - __ 
— thighng Gli 6. 
againſt what part of the'globe any deals ot 1 


meridian or horizon is. 
5. See that the ede lee ; 


the horizon all . when the north or 


pole is elevated go above the hori 

b. See that the equinoctial line cuts the h tie 
20n in the eaſt and weſt points, ey 
of the pole from o to go d | 


egrees. 

7. See that the degree of the braſen m 
marked with o, be exactly over the | 
line of the globe. 

8, See that there beexa8tly half of the braſen fe 
meridian above the horizon; which you may 
. know, if you bring any of the decimal diviſions 
on the meridian to the north point of the hori- 
206, wil e eee e Ini oh 


ſouth 

ay that when the quadrant of altitude 7 is 
wo as far from the equator, on the braſen 
meridian, as the pole is elevated above the horj-,. 
on, the beginning of the degrees of the qua- 
r Pe I np PO. 
orizon, 

10, See that whilſt the index of the hour- 
circle (by the motion of the globe) paſſes oY 
one hour to another, 15 degrees of the 
paſs under the graduated edge of the 
meridian. 

N as — the | Foes, — be 1. 
ubſtantial an it being generally 
ſerved, that in [cok el the horizon is the. 
firſt part that fails, on account of its "having... 
been made too flight, 

In uſing the globes, keep the eaſt ſide of che Directions 
borizb towards ou (unleſs your R re- for for ufg 
= the turnt of it) Which fide you - = | 


know by the word * upon the horizon; for, 
S 3 then "0 


en 


The Uſe of the Terrifrial Glo. 


then you have the qi fide of ithe/meri- 
dian towards you, the quadrant of altirude before 
you, and the globe divided exactly into tuo 
equal parts, by the graduated ſide of the me- 
rid; od 4/4; 27593 eee CL Tae N07 
In working ſome problems, it will be nece(- 
ſary to turn the whole globe and horizon (about, 
that you may look on the weſt {ide-thereof; 
which turning will be apt to jog the ball fo, as 
to ſhift away that degree of the globe which 
was before ſet to the horizon ar *menidian': 
to avoid which inconvenience, you may thiul 
in the feather-end of a quill between ti bull uf 
the globe and the braſen meridian ; which, wich- 
out hurting the ball, will keep it from ng 
in the meridian, whilſt you turn the weſt (ide of 
the horizon towards you. "eq Þ: 


To fing the * latitude and + longituge. of am give 
1 lace upon the &lobe. {$3301 202.” 


Turn the globe on its axis, until the given 


the hraſen meridian, on which, the degrees are 
eee 


The latitude of a place is its diſtance ſqm t] 7 
and is . or foath, as the plate at ſouth of the 
equator... Thoſe who live at the equator have no latitude, 
becauſe it K there * 75 latitude hegios. 
+ The longitude of a place is the num 

{reckoned —— the acki the 1 0 3270 
place is dittant from the meridian of apy other 
from which we reckon, ' either eaſtward or wellward, Tor 180 
degrees, or half round the globe. The Engliſh reckon the 
longitude from the meridian of London, . and che Bren 
now reckon it from the meridian of Paris, The merioun 
of that place, from which the longitude is 3 


ad ______ + © £ id 
* 


Sr 


be Uſe of the Terreſtrial Globe. 
numbered from the equator ;. and obſerve what 
degree of the meridian the place then lies under; 
which is its latitude, north or ſouth; as the place 
is north or ſouth of the equator, 
The globe remaining in this polition, the 
degree of the equator, which is under the 
braſen meridian, is the longitude: of the place 
(fromthe meridian of Lenden on the Eli 
globes) which is caſt or weſt, as the place lies 
on the eaſt or weſt ſide of the firſt meridian of 
the globe, — All che Atlantic Ocean, and Amerita, 
13 on the weſt fide of the meridian of Landen: 
and the greateſt part of Europe, and of Arien, 
together with all Ala, is on the eaſt ſide of the 
meridian of Landan, which is reckoned the fut 
neridian of the globe by the Exęliſb geographers 
PROBLEM. II. 
The longitude and latitulle of a plate being given, to 
find that place tn the globe. 

Look for the given longitude in the equator 
(counting it —.— or weſtward from the firſt 
meridian, as it is mentioned to be eaſt or welt ;) 
nd bring the point of longitude in the equator 
'0 the braſen meridian, on that fide which is 
ove the ſouth point of the horizon: then 
count from the equator, on the braſen meridian, 
o the degree of the given latitude, towards the 
trth or ſouth. pole, according as the latitude is 
worth or ſouth-z and under that degree of lati- 
tude on the meridian, you will have the place 
quired, 
Uled the frf meridian, laces this meridian 
E no — — — 2 the longitude 


Ans. 
8 4 PROB 
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PROBLE M In. # 


To find the difference of longitude, or Me- iN 4 
latitude, between any two given Platts, 
Bring each of theſe places to the braſen me- | 
ridian, and ſee what its latitude ib: the le the 
latitude ſubtracted from the greater, if bom BY de 
places are on the ſame fide o the equator, ot bn 
both latitudes: added together, if they te d 
different ſides of it, is the differenet of latitude 12 
required. And the number of degrees contained jo 
between theſe places, reckoned on the tquater, 0 
when they are brought - ſeparately under the 
braſen meridian, is their RET 2 
if it be leſs than 180: but if more; let it be fub- 1 
tracted from 360, and the reminder the df. . 
ference of longitude required. Or, — 
Having brought one of - the places to the . 
braſen meridian, and ſet the hour Inden 90 AI 
turn the globe until the other plate comes to the N 
braſen meridian, and the number of hours and plac 
parts of an hour, over by the inder, vil _ 
| give 8 longitude in won ;. which 2 be eafiy 
reduced to degrees, by allowing 13 degrees f | 
every hour, and one — for every fout m To fi 
nutes. 1 e eine 
N. B. When we ſpeak of bringing any place 
to the braſen — it is the graduatod ſide =y 
the meridian that is meant. tat 
os » » T 
PRO! =p 
bad bat js 
| ether: 
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lace bring given, -to find all thoſe" Paten that 
hy longitude or latitude with it. 


Bring the given place; to the braſen meridian, 
then al chaſe places which he under chat ſide of 
the meridian, from pole to pole, have the ſame 
bngicude. with the given place: Turn the globe 
round its axis, and all thoſe places which paſs 
under the ſame degree of the meridian that the 
fan En ſame latitude with 

re ee wh 

dc ll Jatitudes are reckoned from the 
equator, and all longitudes are reckoned from 
the firſt meridian, it is evident, that the point of 
the equator which ĩs cut by the firſt meridian, has 
neither latitude nor longitude. The greateſt 
latitude is go degrees, becauſe no place is more 
than go degrees from the equator. ' And the 
greateſt longitude- is 1 80. degrees, becauſe no 
wb more than 180 degrees from the firſt 

lan. * 8 | L +. ” . / 


"PROBLEM-.V. 
- 4220'S t anti 0 


Jo fnd the o antceci, +periceci, and 
of any given place, | | 
Bring the given place to the braſen meridian, 
ud having found its latitude, keep the globe in 
that ſituation, and count the ſame number of 
on degrees 


Ide antarc} are thoſe people who live on the ſame me- 
dern, and in _ latitudes, on different ſides of the equa- 
* being on the ſame e they bave the ſame hours: 

en, when it is noon to the one, it is alſo noon to the 
wer; and when it is mid-night to the one, it is alſo mid+ -* 
ibi io the other, &c. Being on different ſides of the equa- 


tar, 


„„ 3. 1M _ £4. ci 
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degrees of latitude from the equator towards the 


contrary 'pole, and where the reckoning ends, 
you have the ax/zti of the given plae upon the 
globe. Thoſe who live at the equator have no 
antæci. | | 

The globe remaining in the ſame Poſition, ſ 
the hour-index to the upper XII on thehoray 
circle, and turn the globe until the inder comes 
to the lower XII; then, the place which Tis 
under the meridian, in the ſame fatitude with 
the given place, is the periæci required: © Thok 
who live at the poles have no pirarch | © 

As the globe now ſtands (with the inder u 
the lower XII) the antipodes of the given Place 
will be under the ſame point of the Denſe tis 
ridian where its antæci ſtodd before; | Every 


place upon the globe has its antipodez. 7» 
tor, they have different-or oppoſite ſeaſons the ſame time; 
the length of any day to the one is equal to the length of the 
night of that day to the other; and they have equal dleve- 
tions of the different pole. 

+ The periec; are thoſe people who Ii on the Jame ps 
rallel of latitude, but on oppoſite meridians : fo , N 
their latitude be the 8 lon wh _ = I 

rees, By being in the ſame latitude, have b 
. -of the fame pole (ſor the elevation of the pole i 


always equal to the latitude of the place) the ſame 1 5 
days or 2 and the ſame Aae, "Bob being 0h oppobit 
meridians, when it is noon'to the one, it is mid-night to the 
other. * OK 

t The a»/ipode; are thoſe Who live dime oppo: M0 
fite to one another upon the globe, ſanding witl feet 
towards feet, on oppoſite meridians and. parallels yg 
oppoſite ſides of the equator, they have oppolite . 
winter to one, when it is ſummer tothe other ; being equal) 
diſtant from the equator, they have thecontrary poles equ ly 
elevated above the hoiizon; being on oppoſite mer)C1ans, 
when it is noon to the one, it muſt be mid night to the other : N lor e 
and as the ſun recedes from the one when he approaches '0 
the other, the length of the day to one mult be equal to (he 


letgrh of the night at the ſame time to the other, 
| PROBE 
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IS 
jud the Wan, any two places on the 
er er 4) 


Lay the graduated edge of the quadrant of 
de over both the places, and count the 
aber of degrees intercepted between them on 
quadrant; then multiply theſe 7 by 
ind the product will give che diſtance in 
dee ee ee by 6g and 
vliſh miles, multiply the 1 : 
product will be the number of miles required. 
uke the diſtance betwixt any two es 
1 pair of ends «5 —5 
the equator z the number of degrees, inter- 
ped between the points of the compaſſes, is 
liſtgnce in of a cirde* z which 
1 be reduced either to geographical miles, or 
Engliſh miles, as above. 


Any circle that divides the globe into two equal parts, Great 
Wed a great circle, as the equator or meridian, A circle, 
& that divides the globe into two unequal parts (wh 
N parallel of latitute does) is called 122 rcle, Now, Leffer 
circle, whether great or ſmall, contains 360 degrees, circle. 
a degree upon the equator or meridian contains 60 geo- 
cal miles, it is evident, that a degree of longitude upon 
quator, is longer than a degree of longitude upon any 
Ale] of latitude, and mutt therefore contain a num- 
of nile. So that, although all the degrees of latitude are 
ly Jong upon an artificial globe (though not poet ſa 
the earth itſelf) yet the degrees of longitude decreaſe in 
„an the latitude increaſes, but not in the ſame propor- 
| The following table ſhews the length of a degree of 
Foce, in geographical miles, and hundredth parts of a 
lor every degree of latitude, from the equator to the 
": a degree on the equator being 60 geographical 
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PROBLEM VI. 


1 the globe being 2 is * 
from any other place, to 1 5 all the 
on the globe which are at the Jame ol 


e e 


1 


Briog the given 3 to the * ward 
and ſcrew the quadrant of altitude to the n 
dian, directly over that place; then keeping! 
globe in that poſition, turn the t I. 
round upon it, and the degree the « 

that touches the ſecond+placey'w over 
the other places whichaze equally diſtant vi 


from the given place. -+ 
y une as if one ooh of i pair 


This 48-the: 
compaſſes was ſet in the given place; and 
other foot extended to the ſecond-place, whe 
diſtance is known, for if the — be the 
turned round the firſt place 28 a-center, t 
moving foot will go over all thoſe places wh 
are at t the ſame iftance with the _—_— 
% 20 
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quired comes to the meridian, atid the index 


equinoQial and the north or ſouth pole. 
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PR OB LEM. VII. 
The bour of the day at any pluts biting gion to 
all thoſe places where it bs noon al that ting 

Bring the given place to the braſeh men 
and ſet che index to the given hour; this d 
turn the globe until the index points to the u 
XII, then, all the places that lie under 
braſen meridian have noon at that time. 

N. B. The uppet XII always ſtnds for n 
and when the bringing of any plate to the b 
meridiam is mentioned, the fide of that meri 
on which the degrees are reckoned from 
equator is meant, unleſs the contrar/ fide 

|| 


S TS FT 


mentioned. s | 3 * j (Or $4 2 * 
PROBLEM N 1 
| | SE. 

The hour of the day at any. ph up grven, 11 the 

what c cloct it then. is at am aiſſer place de 


Bring the given place to the btaſen mere 
and ſet the index to the given hour; then 
the globe, until the place where the hour is 


point out the hour at that place. 
A Ws: $5 
PROBLEM X. 
To find the ſur's place in the! ecliptit; and bis 
clinstion, fer any given day. of the year. 
Look on the horizon for the given day, 


right againſt it you have the degfee of thc? 
in which the ſun is (or tus place) on that 


| © The ſun's declination is his diſtante from the equi 
in degrees, and is north or ſouth, as the ſun is berwee 


# = 
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equator. 
PROBLEM X, 


places of the earth over which the ſun will paſs 
vertically on that day. 


Find the ſun's place in the ecliptic for the 


meridian, obſerve what point of. the. meridian is 
over it; then turning the globe round its axis, 
il thoſe places which. paſs under that point of 
the meridian, are the places required: for as 
their latitude is equal, in degrees and parts of a 


9 


tive noon, 


PROBLEM XI. 


dQ 75 


vertical to-that place. 


over 


it noon. Find the ſame degree of that ſign in 
the ecliptic line upon the globe, and having 
brought it to the braſen meridian, obſerve what. 
of the meridian ſtands over it; for that 
z the ſun's. declination, reckoned from the 


The day of the month being given, to find all theſe 


given day, and having brought it to the braſen 


degree, to the ſun's declination, the ſun muſt be 
dire&tly over head to each of them at its reſpec - 


" bids 


Aplace being given in the * torrid zone, to find thoſe ; 
two days of | the year, on which the ſun ſhall be 


Bring the given place to the braſen meridian, . 
and mark the degree of latitude that is exactly 


* The globe is divided into five zones; one tortid, two. 
temperate, and two frigid, The torrid zone lies between the two 
tropics, and 1s 47 deprees in breadth, or 234 On each ſide ot " 
de equator : the temperate d, lie het en thetropics and 
polar circles, or from 23 degrees of latitude, to $6 08 


"a; 


— —— — —————_ 
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| —_ ese ene and are each 43 degrees in 
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over it on the meridian; then turn he globe 
round its axis, and obſerve the two of 
the Fan which pal e under that x 


vertical to it at noon. ng e 


PROBLEM X01. 


To find all thoſe places of 2 
where the fun begins 10 ſpine: conflantly without | 
ſetting, on any given 2 211 ol 08 
to the 23d of September.. 


On theſe two days, the ſun is in the equinoc- 
tial, and enlightens the globe exact e 
to pole : therefore, as the earth turns. round it 
axis, which terminates in the poles, every place 
upon it will go equally through the light and the 
dark, and ſo make the day and night equal to all 
place of the earth. But as the ſun declines 

rom the equator, towards either pole, he will 
ſhine juſt as. many degrees round on pole, as 
are equal to his declination from the es 
ſo that no place within that diſtance of 
will then go through any part of the dark, 55 
conſequently the ſun will not ſet to ĩt. No, as 


Ru 


the frigid "zones ate the ſpaced ! ed within the polar 
circles, which being each 234 degrees from 
poles, the breadth of each theſe zones is 47 


the ſun never goes without the tropics, he muſt every m0" 
ment Lende! ö 


to ſome place or other in che 
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te ſun's deEfiiitttion is HoPthwatrd, from the'd f 
o March to the 2 3d ber; he muſt eon -- 
tatly ſhine round the north pole all tha times; 
nd on the day that he is in the northern tropic, 
h ſhines upon the whole ho#th frigid zone; ſo 

that no place within 7255 2 'olar circle goes 

trough any N of on that day. 
Therefore, © 

Having brought the __ buen che ven 
lay to the Bran mieridtan, arid found His de- 
dination (by Prob. IX.) count 4s many degttes 
en the meridian, from the north 1 as are 
equl to the fan's declimdtivir fra 
al mitk thi hegte STE: fire th 


reckoning? ends? k 
the for 1 


R N & F Fu nz 


Merck, ANG Wt 


Hwing Wan he Ain'V«dectiition far the 
Pre day (by P#6W4IW. mark; ic wN A oha 

n the braſef/«meridian'i''rhew: bring the places 
where you at (Hh London) to the braſen 
feridian, and ſet te inder t che gi ven hour: 
Which done turm the globe on its axis, 1 ontil the 
ex points to XII dt ndbh; and the — 
be gobe, Hen is bench under 


* 

e 

[5 * 

* 7 et nne 

e ty on the Jouth pole,” M19 H ' 

1! 22810 21 Ut „on: win 485 1 
PROBLEM AV. 116 
: fa the ploy eng wah ai 1 is Tithe, . 
5 a yer of 4.970 er 

e „ woe bigh d gand bn | 

d 

D 
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of the ſun's declination marked upon the meri. 


thod; which is as follows. 


northern hemiſphere, elevate. the north pole 


ſun ri 


it is mid - night. All thoſe places which 
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dan, has the ſun that moment in the zenith, ot 
directly overhead, 91 * 


PROBLEM, XV. 

The day and hour at any place being given, to find al 
. thoſe places where the ſun is then rig. or 7 
or on the meridian : conſequently, all thoſe places 


_ which are enlightened at that time, and thoſewhich 
are in the dark. -4#...-4 


This problem cannot be ſolved by at 

fitted up in the common. way, ues Spe Ay 
circle fixed upon the braſs meridian ; unleſs the 
ſun be on or near ſome of the tropics on the 
given day. But by a globe fitted up accordin; 
to Mr. Joſeph Harris's invention (already men- 
tioned) where the hour - circle lies on the ſurface 
of the globe, below the meridian, it may be ſolve: 
for any day in the year, according do his mc 


SO © I ww 


1 g 


Having found the place to which the fun i 
vertical at the given hour, if the place be in de 


many degrees above the horizon, as are equal tc 
the latitude of that place; if the place be in thc 
ſouthern hemiſphere, elevate the ſouth pole ic 
cordingly z. and bring the ſaid place to the briſ 
meridian. Then, al} thoſe places which arc 1 
the weſtern ſemicircle of the horizon, have tc 
to them at that time and hoſe in the 
eaſtern ſemicircle have it ſetting: to thoſe unde 
the upper ſemicircle of the braſs meridian, 1 
noon; and to thoſe under the lower ſer 


above the-horizon, are enlightened by 6 


1nd have the ſun juſt as many d above 
them, as they themſelves are above the horizon: 
ind this height may be known, by fixing the 
quadrant of altitude on the braſen meridian over 
the place to which the ſun is vertical ; and then, 
lying it over any other place, obſerve what 
number of degrees on the quadrant are inter- 
cepted between the ſaid place and the horizon. 
lu all thoſe places that are 18 degrees below the 
weſtern ſemicircle of the horizon, the morning 
twilight is juſt beginning; in all thoſe places that 
re 18 degrees below the , eaſtern ſemicircle of 
the horizon, the evening twilight is ending; and 
il thoſe places that are lower than 18 degrees, 
have dark night. 
[f any place be brought to the upper ſemi- 
circle of the braſen meridian, and the hour index 
be ſet to the upper XII or noon, and then the 
globe be turned round eaſtward on its axis ; 
vhen the place comes to the weſtern ſemicircle 
of the horizon, the. index will ſhew the time of 
ſun-rifing at that place; and when the ſame 
place comes to the eaſtern ſemicircle of the hori- 
20n, the index will ſhew the time of ſun-ſet. 
To thoſe places which do not go under the 
horizon, the ſun ſets not on that day: and to 
+ do not come above it, the ſun does 
not riſe, Rory: bg * 


PROBLEM XVI _ 

Ne day and hour of & e ecliph being given; to 
bl ol, theſe be he earth to och it wil 
e viſible, . 


The moon is never eclipſed but when the is. 
bl, and ſo dited ly oppolite to the ſun, that the. 
f . 7 _ earth's 
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the other. 


given place, at any given inſtant of ume. 
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earth's ſhadow falls upon her. Therefore, what. 
ever place of the earth the ſun is vertical to at 
that rime, the moon muſt be vertical to the anti. 
podes of that place: fo that the fun will be then 
viſible to one half of the earth, and the moon to 


Find the place to which the ſun is vertical a 
the given hour (by Prob. XIV.) elevate the pole 
to the latitude of that place, and bring the place 
to the upper part of the braſen men. as in 
the former problem: then, as the ſun will be 
viſible to all thoſe parts of the globe which ar: 
above the horizon, the moon will be viſible to al 
thoſe parts of the globe which are below it, 2 
the time of her greateſt obſcuration.”' 
But with regard to an eclipſe of the ſun, there 
is no ſuch thing as ſhewing to what places it 
will be viſible, with any degree of certainty, by 
a common globe; becauſe the moon's ſhadow 
covers but a ſmall portion of the earth's furface 
and her latitude, or declination from the eclip- 
tic, throws her ſhadow ſo variouſly upon the 
earth, that to determine the places on which it 
falls, recourſe muſt be had to long calcylarions. 


---. PROBLEM XML. 
To reftify the globe for the latitude, the au 
| and the ſun's place, 

Find the latitude of the place (by Prob. I.) and i 
the place be in the northern hemiſphere, raiſe the 
north pole above the north point of the horizo! 

„ The zenith, in this ſenſe, is the higheſt pointof he | 


Jen meridian above the horizon ;. but in the if 
that point of the heaven which is direRly vertical te 


=> 1” 5 K - ws 
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s many degrees (counted from the 
the braſen meridian) as are ual to 


le u 
lade 


of the place. If the place be in the ſouthern 
emiſphere, raiſe the ſouth pole above the ſouth” 


int of the horizon, as many e as are equal 
* latitude. Then, turn lobe till the 


pace comes under its latitude L the braſen 
neridian, and faſten the quadrant of altitude fo, 
that the chamfered edge of its nut (which is 
ren with the graduated edge) may be joined 
o the zenith, or — of latitude. This done, 
bring the ſun's place in the ecliptic for the ven 
by, found by Prob. X.) to the graduated ſide 
of A braſen meridian, and ſet the hour-index to 
XII at noon, which is the uppermoſt XII on the 
bour-circle ; and the globe will be reQified. 


- , 
= 
? 


— 


The latitude of any place, is equal to the ele- Remark. 


nion of the neareſt pole of the heaven above 
de horizon of that place; and the poles of 
de heaven are directly over the poles of the 
arth, each go — from the equinoc- 
wl line, Let us be upon, what place of the 
arh we will, if the limits of our view be not 
mercepted by hills, we ſhall ſee one half of the 
tezven, or 9 degrees every way round, from 
lat point which is over our heads. Therefore, 
te were upon the equator, the poles of the 


teaven would lie in our horizon, or limit of our | 


tw: if we,go' from the equator, towards either 

pole of the — we ſhall ſee the correſponding 

le of the heaven riſing gradually above our 

lor zon, juſt as many degrees as we 1 

m the equator: and if we . eithe 

ke 2 „ the corre 

baren would be direA) ”-_ — — 

quently, the — height of the 2 in 
5 degrees 
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equator. 


ſetting, 


The Uſe of the Terreftrial Globe. 
degrees above the horizon, is equal to the 
number of degrees that the place 1s from the 


> ww 


=_. =” BY ﬆ 


PROBLEM XvIIL 


The latitude of any place, not exceeding * 66: d. 
grees, and the day of the month, being given; 15 
find the time of ſun-riſing and ſetting, and conſe 
quently the length of the day and webs. 


Having rectified the globe for the latitude, 
and for the ſun's place on the given day (as di- 
rected in the preceding problem) bring the ſun's 
place in the ecliptic to the eaſtern fide of the ho- 
rizon, and the hour-index will ſhew the time of 
ſun-riſing ; then turn the globe on its axis, untl 
the ſun's place comes to the weſtern fide of the 
horizon, and the index will ſhew the time of ſun 


. 3 FK. Ses == = = = 


The hour of ſun-ſetting doubled, 2 
length of the day; and the hour of ſun - tung 
doubled gives the length of the night, 


PROBLEM xx. 


Tbe latitude of any place, and the day of ibe month, 
being given; to find when the morning twilight 
begins, and the evening twilight andi, 61-164 
place. * 7 | 


This problem is often limited z for, when the 
ſun does not go 18 degrees below the horizon, 
the twilight continues the whole night; and for 


All places whoſe latitude is more than 661 degrees, me f 
the frigid zones: and to thoſe places the ſun daes not ſet in 
ſummer, for a certain number of diurnal revolutions, 
cecaſions this limitation of latitude, feveral 
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{reral nights together in ſummer, between 49 
ad 663 degrees of latitude : and the nearer 
0 66:, the greater is the number of theſe nights. 
But when it does begin and end, the follow- 
ng method will ſhew. the time for any given 
day. Ws - 

Reaify the globe, and bring the ſun's place in 
the ecliptic to the eaſtern ſide of the horizon; 
then mark that point of the ecliptic with a chalk 
which is in the weſtern 0 : oa it = 
ing the point oppoſite to the ſun's : this 
done, lay the quadrant of alcitude over the ſaid 
point, and turn the globe caſtward, keeping the 
quadrant at the hk. until it is uſt 18 


degrees high on the quadrant; and the index 


will point out time when the morning twi- 
light begins: for the ſun's place will then be 18 
degrees below the eaſtern ſide of the horizon. 
To find the time when the evening twilight 
ends, bring the ſun's place to the weltern 


of the horizon, and the point oppoſite to it, 


which was marked with the chalk, will be riſing 
u the eaſt : then, bring the quadrant over that 
point, and keeping it thereon, turn the globe 
weſtward, until the ſaid point be 18 degrees 
above the horizon on the quadrant, and the in- 
0 5 ſhew the time when 1 twi- 

t ends; the ſun's pas being 18 degrees 
below the weſtern ſide of the horizon. 


. 
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PROBLEM NM. 


To fing on what das of ile year tha ſun begin; 1 

bine conflautly without « ſetting! o#"any ginn 

Place in the north frigid zone; and how long b. 
continues to do ſo. 79 Len Oe 3h 


Refi the globe to the latitude of the place, 
and turn it about until ſome point of the eclip- 


tic, between Aries and Cancer, coincides with 


the north point of the horizon where the braſen 
meridian cuts it: then find, on the wopden 
horizon, what day of the year the ſuiy js in tha 
point of the ecliptic ; | for that is the day on 
Which the ſun begins to ſhine conſtantly on the 
given place, without fettmg. This "dane, tum 
the globe until ſome point of the ecliptic, be- 
tween Cancer and Libra, coineides with the 
north point of the horizon, where the braſen 
meridian cuts it; and find, on the wooden 
horizon, on what day the fun is in that point of 
the echptic ; which is the day that the fon leaves 
off — 9 ſhining on the ſajd place; and riſes 
and ſets, to it as to other places on the globe. 
The number of natural days, or feat re- 
volutions of the ſun about the earth, 
the two days above foynd, js the time that the 
ſun keeps conftantly above the horizon without 
ſetting : for all the portion of the ecliptic, which 
lies between the two points which interſect the 
horizon in the very north, never ſets below it: 
and there is juſt as much of the oppoſite part ot 
the ecliptic that never riſes ; therefore, the ſun 
will keep as long conſtantly below the horizon 
in winter, as above it in ſummer. 

| ove 1 Whoere 


( | 
© / 
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Whoever conſiders the globe, will fag, (hat 
{ll places of the earth do equally enjoy the bene- 
fit of the ſun,” in reſpect of time, and are equally 
&prived of it. For, the days and nights ue 
ways equally long at the equator : add in 
places that have latitude, the days at one time 
of the year are exactly equal to the nights at the 
oppolite ſeaſon, I TW 


PROBLEM XXL 

ſs find in what latitude the: fun: ſhines conſtantly 
without ſetting, for any length” of time leſs than 
* 182 of our 5 and nights. De 


„ 


find a point in the ecliptic half as many de- 
ges from the beginning of Cancer (either tor 


ward Aries or Libra) as there are natural * 
u the time given; and bring that point to 
north ſide of the braſen Lon: — on which the 
degrees are numbered from the pole towards 
the equator : then, keep the glabe from turning 
01 its axis, and ſlide the meridian up or down, 
wil the foteſaid point of the ecliptic comes 
vibe north point of the horizon, and then, the 
e- of the pole will be equal to the latitude 
quired, 8 | 


* The reaſon of this limitation is, that 18242 of our days 
nd nights make half a. year, which is the longeſt time that 
— * ſhines without ſetting, even at the poles of the 


f A natural day contains the whole 24 hours: an artificial 
n the time that the fun i» above the horizon. 


1 * 
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weſtern fide of the horizon, and it will cut the 
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PROBLEM. xk. h 

The latitude of a place, not exceeding 66; of 
and the 43 7 the month being given; 272 In 

| the ſun's amplitude, or point of the compaſs u 
which be riſes or ſets. td 5 


Rectify the globe, and bring the ſun's place 


to the eaſtern fide of the horizon; then obſerve f. 


what point of the compaſs on the horizon ſtands i # 
right againſt: the ſun's place, for-that is his 
amplitude at riſing. This done, turn the globe 
weſtward, until the ſun's place comes to the 


point of his amplitude at ſetting. Or, you may 
count the riſing amplitude in 170 5 from the 
eaſt point of the horizon, to that point where 


the ſun's place cuts it; and the ſetting ampli- 

tude, from the weſt point of the horizon, to the : 
uns place at ſetting. * mas 

CITE 2 

| PROBLEM. XXIII. 

* | rat 

The latitude, the ſun's place, and bis * altitade, Wl erl. 

| being given; to find the hour of the day, and ie de 

fun's azimuth, or number of. degrees that be U the 

Aiſtant from the meridian. -- | 1 


Rectify the globe, and bring the ſun's place 
to the given height the quadrant of alt- 
tude; on the eaſtern fide of the horizon, if the 
time be in the forenoon ; or the weltern ſide, 


„The ſun's altitude, at any time, is his height abort de 
Þoxizon at that time. 


* 
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be in the afternoon: then, the index will 
bew the hour; and the number of degrees in 
the horizon, intercepted, between the quadrant 
of altitude and the ſouth point, will be the ſun's 
trve azimuth at that time. 

N. B. Always when the quadrant of altitude 
z mentioned in working any problem, the gra- 
duated edge of it is meant. 

If this be done at ſea, and compared with the 


ſun's azimuth, as ſhewn by the compaſs, if they 


the compaſs has no variation in that place: 
but if they differ, the compaſs does vary; and 
the variation is equal to this difference, | 


PROBLEM XXIV. 


The latitude, hour of the day, and the ſun's place, 
bring given; to find the ſun's altitude and 


a21mul h. \ 


Rectify the globe, and turn it until the in- 
dex points to the given hour; then lay the qua- 
cant of altitude over the fun's place in the 
ecliptic, and the degree of the quadrant cut by 
the ſun's place in his altitude at that time above 
the horizon; and the degree of the horizon cut 
by the quadrant is the ſun's azimuth, reckoned 
from the ſourh 


PRO- 
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PROBLEM XXV, 


The latitude, the ſun's altitude, and bis azimuth 
being given; to find bis place in the ecliptic, the 
day 7 the month, and hour of the day, though 

they had all been loſt. | | 


Rectify the globe for the latitude and + zenith, 
and ſet the quadrant of akitude to the given 
azimuth in the horizon; keeping it there, turn 
the globe on its axis until the ecliptic cuts the 
quadrant in the given altitude: that point of 
the ecliptic which cuts the quadrant there, will 
be the fan's place; and the day of the month 
anſwering thereto, will be found over the like 
place of the fun on the wooden horizon. Keep 
the quadrant of altitude in that poſition, and 
having brought the ſun's, place to the braſen 
meridian, and the hour index to XII at noon, 
ES 
the rant. 0 tude again, and t 
will ſhew the hour. * 7 
Any two points of the ecliptic which arc 
equidiſtant from the beginning of Cancer or of 
Capricorn, will have the ſame altitude and ar- 
muth at the ſame bour, though the months be 
different; and therefore it requires ſome care in 
this problem, not to miſtake both the month, 
and the day of the month; to avoid which, 
obſerve, that from the 2cth of March to the 
21ſt of June, that part of the ecliptic which x 


+ By redifving the globe for the zenith, is meant 
ſcrewing the quadrant of altitude to the given latitude on the 
draſs meridiau, 

1 4 between 
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betueen the beginning of Aries and beginning of 
Cancer is to be oled om the viſto J on to 
the 23d of September, between the beginning 
of Cancer and beginning of Libra: from the 
zd of September to the 2 iſt of December, 
terween the beginning. of Libra and the begin- 
ning of Capricorn; and from the 2 iſt of Decem- 
ber to the 20th of March, between the begin- 
ning of Capricorn and beginning of Aries. And 
3 one can never be at a loſs 40 know in what 
quarter of the year he takes the ſun's altitude 
ad azimuth, the above caution, with regard to 
the quarters of the ecliptic, will keep him right 
sto the month and day thereof. 


F „ = 


. fnd the length of the longeſt. day at any gives 
4 Place. dec 4 | 
If the place be on the north fide of the equs- 
tr, find its latitude (by Prob, I.) and elevate 
the north pole to that latitude; then, bring the 
beginning of Cancer m to the braſen 8 
ad ſet the hour- index to XII at noon. But 
the given place be an the ſouth fide of the 
quator, elevate the ſouth pole to its latirude, 
ad bring the beginning of Capricorn to the 
irs meridian, and the hour-index to XII. 
This done, turn the globe weſtward, until the 
beginning of. Cancer or Capricorn (as the latitude 
8 north or ſouth) comes to the horizon; and 
tie index will then point out the time of ſun- 
ting, for it will have gone over all the after- 


Kon hours, between mid-day and _—_ r 
| Wi 


29; 
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firſt point of Cancer z and in ſouth latitude, 
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which length of time being doubled, vill gire 
the whole length of the day, from ſun-rifing to 


ſun-ſetting. For, in all latitudes, the ſun ric; 
as long before mid-day, as he ſets after it, 


PROBLEM XXVIL 


To find in what latitude the longeſt day is 
given length leſs roles, 1 14 


If the latitude be north, bring the beginning 
of Cancer to the braſen meridian, and eleyate 
the north pole to about 66 degrees; but if 
the latitude be ſouth, bring the beginning of 
Capricorn to the meridian, and elevate the ſouth 
pole to about 66; degrees; becauſe the longelt 
day in north latitude, is when the ſun is in the 


when he is in the firſt point of Capricorn. Then 
ſet the hour-index to XII at noon, and turn the 
globe weltward, until the index points at balf 
the number of hours given; h done, keep 
the globe from turning on its axis, , and ſiide the 
meridian down in the notches, until the afore- 
ſaid point of the ecliptic (viz. Cancer or Cn. 
corn) comes to the horizon; then, the elevation 
of the pole will be equal to the latitude we. 


PRC 
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PROBLEM XXVII. 
The latitude of any place, not exceeding 66% de- 
prees, being given; to find in what * climate the 


Place is. 


Find the len h. of the pg pt 


given place by XXVI. whatever be 
the number of hours whereby it exceedeth 
welve, double that number, and the ſum will 
give the climate in which the place 1s. 


PROBLEM XXX. 


Ne latitude, and the day of the month, i 7: given; 
to find the hour of the day when the ſun ſhines. 


Set the wooden horizon truly level, and the 
braſen meridian due north and ſouth by a ma- 
ners compals : then, having rectihed the 
globe, ſtick a ſmall — . — into the ſun's 
place in the ecliptic; perpendicular to that part 
« the ſurface of the globe: this done, turn the 
globe on its axis, until the. needle comes to the 
iraſen meridian, and ſet the hour-index to XII 


A climate, from the to either of the polar cir- 
tes, is a tract of the earth's ſurface, included between two 
lh parallels . f latitude, that the length of the longeſt day 
"the one exceeds that in the other by half an hour; but 
om the polar circles to the poles, where the ſun kerps long 


tore the horizon, without ſetting, | each climate. differs a 


dale month from the one next to it. There are N 


bur climates between the equator and esch of the polar 
i; and fix from each polar circle to its reſpedlive pole. 


at 


268 


at noon; then, turn the globe on 


| and the inden win ſhew the hour of 


tn een ce are br ed 


| not . having night. 5 YA 1 


util 
the needle points exactly towards the ſun Which 
it will do hem it cafts no ſnado wo the 
ay | 


1 eee 
1 ES aid tech + 


* PROBLEM mY 
A pleaſant way of Jhewing al 17 1 


_ earth which are enlig 2 0 
ines, ty Wy 


— 1 od e 
Take an —— ball out of the wanden 
horizon, and alſo out of the braſen meridlan; 
then ſet it upon a pedeftab im ſun- nns, in fect 
a manner, that its north —— may t directiy 
towards the north pole „und the 


W 


towards the ſouth. Then; Yer da Will this 

upon all rhe like places of the * ＋½ 

7 1 on the real earth; rifing to a 
tting ro others; as yu 

part ark the enlightened N bag fecha er 

divided from Fon. eee half in the. 

boundary of the light and darkness 110 — 


2655 on which the ſbtr ſhines} at wy ume, 
ng day; and alf thoſe, on whic des 


If a narrow ſlip 'of be "round he 
equator, and divided nat 1 7 
— at the meridian of place, tn 

urs be ſet to thoſe diviſions in. ſueh a mana 
that one of the VI's may be your mer 
dian; the ſun being upon that meridjan at noons 
will then ſhine — to the two XII's z and 


one o'clock ro the two I's, &c, S0 that the 
palace 


un of the pole above: the horizon pr fan re 
d the elevation of "the wquator is equal to the com- 
tif the doing nn nnen 5 


2 


lmgitude, it — there — 4 . — bo 
Calquedy that partir place ft 
the firſt meridian 2 equator, bas 


places ie earth, except the polar, 
— . — 
ſalb; and from ibe ſouth pole, roery | 
ib. 1 — above 


= * = 


4 Becauſe one half of the eclj 
wn of the pole, and ib ſun, 1 


— erer 


FEES once below ib. never. riſk 
8. A 


42 


torward\ Me 00 at ibe horizon of the 
tor culs all the parallels of latitude: and detlunan 


all . 
5 25 — 


he wills go 1twics — 
tion continues to be —— 
Juppaſe the. oy reflified ia le 1 70 
, is 13 degrees. noms andi ſin 
a where: in the. ecliptic,” between. the maul 
Taurus and middle off Kea 3 iH the: quadrant 
titade by. ſet.to abu, Þ 18: frm mri ot 
in. the Berni zun, the. fun's 

chalk upon be — andthe globe be ib 
weſtward-an its axis, the ſaid 2 0 
horizon a bile 40 the. north 
thence aſcending, i it "ill er ihe e 


4 From! the middle of Gewigi to . 
er 


eee Glebe" ©) 


| — he 
le ſun's Nate er d It uss 4 it deſttinds fron 
* meridian” towards the Le * ler. ger. 
n Maur. ” 
Ce In all — —— e Ame OO 
gud poles, the Ar 
I2 — — the ſun is in the eu) 
is, u du x vf polo,” vrt of 90 4. 
pen (which is tb greateſt ) one hai of rbe ei 
1 «quinoBiad w be alvus ide Lernen, 4 
ar def bre K. * 
9. Tr days" and r en woven of en & 
e ibs dettrern the en and ; 
aces, but wwbimn"tbe ſum entern the” figns ud | 
ud. Libra For" MW every other part of 
api; the hte of — rr 
by1thv bovigeny oO 
Pave is — 
uli — between the lengib ef ib day» 
npbis' in bus plare; a ie more wm, 
comrary. Ye cirurs wobiebd de ſun deſaribes 
it the beuven every 24% boni, being cuff moo 
| nn nd more e 


in Ir 00 pla Hg uph any given prallt 
lalilude, — 2 2 n 
at am ont f theſe „ M any lim ef . 
| 42 o—- Ad lenpth rej 
| tbe globe wund its avis (h ren 
according 10 fe fun dbclimusivn) all Weit 
ts will keep equally lo * above or below the 
1201, 
12. The ſun ig vertical twite 4 year. to every 
e betwwern the 48 ; 7 thoſe under the tropics, 
once 


292 


from tb# equator. is 'equal to. the "latitude of that 
| — rms rent j0ma 


them, * HT. 488 11 


ri; becauſe no part of that tropic it above tn 


the circles that can be drawn parallel tulrunaum 
| between the. tropics, are more. or d "ea" . 


Obſervations concerning the 
once a year, bit. never any where elſe. Fory tiene 


can be no place between the tropies, but that then 
will be two points in the gcliptic, anbeſe declination 


the ecliptre which bes a 
declination equal to titude of plates un the 
tropic which that point _ the ecliptic tourbes 3 and 
as the ſun never goes without the tropica, be can 
never vertical to . that lies 1 without 


13. T's all places in the * leit e, toders 
tion of the twilight is leaſt, becanſe "tbe ſun's dai 
motion is the moſt perpendicular to the barium js 
the frigid + zones, greateſt ; becauſe the n 
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4 
daily motion is. nearly parallel to the burians — 
therefore be is the longer ef getting 18 degrees be 
low it (till ubicb time the twilight always conti- 
nues.) And in the | temperate Zones it 45 at's 
madium between the tuo, 
the ſun's daily motion is ſo. 

14. In all places lying exatly an the pus 
cirtles, the ſun, when be is in ib mate t 
continues 24 baurs above the borizon' without 1 
ting; becauſe no part of that tropir is sou ile 
borizon. And when the fun is in tr 


tropic, be is for. the Jame length of lim un 


boriaon. But, at all other times F ue hu, 
riſes and ſets there, as in other "plages'y"; betduſs al 


borizon, as they are farther from, er mn 
that tropic which all above the botian: 


c 14 
v * dn 


5 } 


Te th op, 
bee he ple inn al 121 
I Between the 3 and polar citelg 


K Oe” 


arcs. * N 85 
15, Te pls 


SASH 


= we 2 
at e be ſun d. 400 m0 ion e 
lriꝛon, and jo Mule below it, as whe e Arr. 
pr; and none ſo little abous it, and ſo much below 
it, at the Joutbers, in 4b ſouthern bemiſpbirc, 
U e ⏑⏑ * Dei \ BY 
16. Ten Fad -the-polar- circles ani 
ples, the us appears for ſome: number of days (ur 
rather diurnal revolutions) without ſting ; "and at 
the oppoſite time 45 ihe year without rim: becauſe 
ſme part of. the ecliptic. never ſets in ibe fermer 
uſe, and as much of thrioppo/ite pert never riſes.in 
tle latter, And the nearer unte, or the more re- 
mile from ide pole, Abeſe places are, t 28 or 
furter is the ſun's con'i uing preſence or abſence. . | 
17. If a ſhip ſets out from, any port, and ſails 
mund ite eri aaſtward to the ſame pcrt «HS 
1 ber late bat time e wulle do it in, in 
pple in hate ſhip, in reckoning their time, il 
fain one compleat day at their return, or coumt one 
ley more than thoſe who refide at the ſame: port 
keauſe, by going contrary to the ſun's diurnal — 
nd leing ſorwarder every evening than they were 
# the „ their horizon will get ſo much the 
e Re they len tent 
far a whole. day al any particular place. And ibu, 
h culting off 4 part proportionable to their own. 
win, from the length of every day, they will = 
jun 2 compleat' day of that Jort at cir return s 
itout gaining” one moment of abſolute time mare 
U 3 than 


LET 


he 1 of the Ciltiat ch 
—— 725 55 


bo re Wind 
a low 18 
28 5 


dee 
ow 72 port 45 any 525 whatever ; f 
. 740 in rerttonang abeir time, at 
oil ice round tht carb, * 5 2 
11 i Grice, ne 

h ee ; ER, * d * 15 

| , * Nn i 

To ** 14 CE: LEC K [IN | 
19%, To 

teens Fg 
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ee 
e 7 chr) 2 
u tropics, polar Fiche hors 
2 e are exact abke'on 
E Slobes, all the former Waben, fragen 
ing the ſun are ſolved the ſame way by be 
- globes, The method alfe f 
cleſhiaf globe is. the ſame as reRi * 
WA Elevate the etre Wy : 
latitude ur » -LQEN at 
ab altitutle to ——— debe, 
bring the fan's place in the ethpeit to- 
e of das. braſs 3 x 


ide which is above the ſouth point bf 
wooden horizon, and Ter the hour-index to 

rmoſt XII, which ſtands for nun. 
W 5. The far's' place for any _ 
fear ſtands dirertiy d ver that 
ie of alte CLLR IU 249 ie 8 


te terreffrial, & 3 
of rm 


the 
the 


the 
the  hbri- 
thac of 
and of 


The latitu and -longitade 
il other etleſtidl phenomena, are reckoned in 
rey differeht  munher! from the latitude and 
tude of places. on the eurth: fot ald terreſ- 
r reckoned from the equator j 
* frotn the meridiah of ſome re- 
place, ad of! London By the'Etigliſh, 
0 al by the French; though alk of 
the French maps 
meridian! of the 
wihers of all nations agtce its reckoning the 
ltitades of the moo A, ae me Hawn 
frm the echiptic 3 and theif {6 from the 
' equinoZfial colure, in that! ſemieltele of it which 
of hie Y; 


tuts the echptit at — — | 
nd thente eaftwardy « to the ſame 
kmicircle a Con thoſe Kurs which 


o — 1 Cond and the northern 
ulf of the ecliptic, Wave.north Ueelination and 
both latifude; thoſe which lie between the 
quinotial and the ſwuthern 880 
wre ſouth decliranieny and north ln 


41 9 oe at 70 
th e os 
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eginning S and by. 
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maps de — cate the | 


Latitade 
in 6 22755 
fare. 


% — and = Colurn, 


* from 
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Tha , Can Ghbe” 
al ; hoſe wbigh-lig het vtropi 
haye theif Acala ions and af the ſawe 
denomingijion pines (toon e Ronde 
There re great Sirclas ;M the coleflia] 
globe, which cut Abe eeliptic, perpendigghaly, 
and meet. in t,]]⁰˙ oppoſite points in dd polet 
circles; which points au each . 
che ecliggle, ;Apd-Mtebcalled in 
Theſe polar points divide thoſd circles. ia 12 
ſemicircles; which cut the ecliptie at che beg 
meridians on the teryeſirial globe ; , al 
. lie under any particular mexidian 
micircle on that globe, have the ſame longi- 
tude, ſo all thoſe points of the heaven, 4heough 
which any one of. the; abqve- ſewicigeles pre 
drawn, have the ſame , longitude. Andes de 
greateſt latitudes on the earth. arg at the goth 
and ſouth; poles of the earth. ſo the: grestepſt l. 
titodes in the heaven, are uche north and lou 
poles of, the ecliptic»! $607 as 80 ner * 
In order to diſtinguiſh the ſtars, with g 
to cheit ſituations ang. ia che heaven. 
the antients divided tha hole vjſihle fumamem 
of ſtars into particular ſyſtems, which zhay.called 
confellations ; and digeſted them into ide um- 
of ſueh animals as ae eee the cle. 
tial globe. And thoie:; ſtars Michele de 
the. figures of thoſe (igaginary | animgls, 40d 
—_ not be brought min compals of any 
them, were called wnſggemed fiars, ow 
"4% Becauſe [ki | moon Ang, all, the planet ven 
obſerved to 6, in ciręles or othiis which grols 


the ecliptic (or line, of the ſun's path) st; ſwal 


angles, and to be on the north Hide vl the cp; 
tic for one half of their coutle üg the der 


ven of 


ſtars, and an the ſouth ide of b ff 


1 
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er balf , but; never'to go quite 


7 ha u be Colofdal Ga 299 
degrees from 8 
ſtingdiſhed that 
parallel tothe ecliptic 
e on each fide) ar diſtante from it. 
kid che ſpace included theſe Circles, 
try called the ,b, beciuſe moſt of the 12 
lellations placed therein reſemble ſome living 
cexture.—T heſe. conſtellations" art, 1. ier , [> 6gns, 
te ram; 2. Tau i 5 the bullz. 3. Ce- on- 
as u, the twins; 1 the crab; 
Lo &, the You Virgo * 2" virgin ; 
Lira &, the þakance; * Scerpis m, the 
torpion; ir Harius , the araber; 10. Ca- 
gncornus u, goat; 11. Aquariur' , the 
er diam] and 12. Piſces wy « fiſhes.” | 
It is to be "obſerved, cf in't eve - Remark. 
ftronomy, theſe twelve coniſteſfarions* ftbod 
r near the places of the ecliptic, Where ha 
dove cbaracteriſtics are marked upon the globe ? 
bit now, each conſtellation has * whole 
forwarder, on account of the of t 
duinoctial points from their former places; 
o that the conſtellation of les, is now in 
the former place of Tur that of Taru, id 
the former place of G, and Won. 1. 


on either fide; the antients di 
by two leſſer circles, 


The ſtars appear of different ma tc 
be eye; p becauſe they ate at Uifferem 
ſtances from us. Thoſe which ap © tg 


> and ave called 
and; he next iD them fort IC mh 


alled fars of the magnitude; and fo 

vthe fixtb, which are the ſmalleſt that can be | 
Utrned by the bete eye. AH te „eo 
dome of the moſt remarkable Mar Rave mühe 

hren them as Caffer and Pollux in the heads f 
de Ttoim, Siriu im the mouth of the Great? 

by, Procyon in the ſide of the Little Dog, Rige! 

> mn 


| Se rod ens . -l, 


The the of tht du cl. 
zr 4 
ry 19 wr bee... : ia 
T deing whioh din 
are all — young — . 
* before he begins e wotk ay ge 
be, we ſhall now - | 
uſefu of thaſd problems mining von hich 
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* OBL IL 
„eg aſcii And tene 
At N e 


Bring the ton ne 5 os" 
ee th U ens e 


noctial which is, * be RR 87 | 
. degree of the merit 
ich is over che foo's. place, is his declnati 


Bring any fixed ſtar to the meridian, and i 

right . aſcenſion my be 8 by * 42 in the 

equinoctial; and 

2 je 22 over » 5 its ee 
t cenſion ation, 0 K 

celeſtial 0E. 4 und 10 the ſame manaet 

e ene che temeſtrial. 


; ts 10-1) 
r t 
RE 250 ; Ang * 


ar; vn furt or ler in degrees from the 60 
. towmants eidher of the poles, north or —_— 
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nendiu 


She , t. 
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ron l 8 
ud the ee 7 any far,” 


If the 9 ſtar be on che 5 6s of the 
cliptic, place the goth degree of the quadrant 
altitude on the north pole of the ecliptic, 
where the twelve. ſemicircles meets. which di- 
nue the ecliptic into the 12 ſigns: but if the 
{ir be on the ſouth ſide of the clips place 
be goth degree of dhe quadrant on the ſouth 
zole of the ecliptic : keeping the -_ 
be quadrant on the proper des turn N 


kttude ; and the d 
be quadrant is the irs SEE, 8 
E f Þ wich che quadrant 


nne 0 n Jan Wan 
P R 0 B L EM, u. | 
Y ww 


AK al F had 42 L 1 LI 


45 A mas 18!! 1957; 4.335.447 
deal the edle os the given. lati- 
de, the zenich, and gab Place * every te- 


Fed, as taught by the 1 Fpcbtm. one 
reltria] and turn it Fd, until che 14 15 
Pts to the given hour : then, the uppet he- 
liſphere of the globe reſent the viſible 

of * heaven for t a5 alf the ftars 


213-41 
a © upon 


The Uſe of the Celftial Globe. 

n the globe being then in ſuck Gitvationg, 2 
adh ee n eee [An 
if the globe be placed duly north and ſouth. 
means of a ſmall ſea- com every ſtar on il 
globe will point toward the like Rar in the he 
ven: by which means, the conſtellations 
remarkable ſtars may be eaſily Rüben. 4 
thoſe ſtars which are in the ealtefn/fide of ü 
horizon, are then riſing in the eaſtern fide a 
the heaven; all in the weſtern, are ſetting 
the weſtern ſide; and all thoſe under the uppe 
part of the braſen meridian, dee tho fo 
point of the horizon and the northpole, are a 
their greateſt altitude,” if the Jatitude of t 
place be north: but if the latitude be fout 
thoſe ſtars which lie under the upper part of tt 
meridian, between the north point af the hc 
zon and the ſouth pole, are at their great 
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The latitude of the place, and day of the 


being given; 10 the time toben am knot 
Har will riſe, or be on the meridian, or fi. 


Having rectified the globe, turn ĩt about u 
til the given ſtar comes to the eaſtern ſide of i 
horizon, and the index will ſnew the. time 0 
the ſtar's riſing; then turn the globe weſtwarc 
and when the ſtar comes to the braſen meridiar 
the index will ſhew the time of the ſtar's com 
to the meridian of your place; laſtly, turn ot 
until the ſtar comes to the weſtern Ide of ü 
horizon, and the index will ſhey the time of | 
ſtar's ſetting. os * N.1 


The Do the" Celiſtial Globe! 

. B. In aortbern latitudes, thoſe ſtars which 
e leſs diſtant from the north — 208 
unity of ãts elevation above the north 
the botiaan, never ſet; and thoſe whi — 
5 diſtant from the ſouth pole, than the nun- 
of degrees by which it is de below 
& horizon, never riſe: N 
| n : 


. 1 


PROBLEM v. 


d at what time of the you! a 3 will. 
* upon the meridian, at given hour of the 
not. —— k * | pgs a — 
bring the given tar —" upper © ſemicircle 
F the braſs meridian, and fer the index to 
given hour; then turn the globe, until the 
points to XII at noon, and the upper ſe- 
circle of the meridian will then cut the pr ne 
ce, anſwering to the day of the year ſou 
ich day may a found gun the * | 
of the ſuc among the 9 the * 
) 120n, 


[ . 


X 1 
177 


rn nn Tr" 
Is luitide, Aey of the month, and * azimuth 


of a known flar being given ; 72 the bour 
of the might. : 


4.4 M | TOO ws & © „ 


Having ane the globe for the iind 
mtb, and ſun's place; lay the vn, 


* The numbet of degrees that the ſun, moon, or 
kx rom the nit cert th tr wc 
L its azimuth, my * 

— | 


7'be Uſe of the Celetial Globe. 
altitude to the given degree of azimOch in the kc 
rizon : then tum the globe on it axis, — 
ſtar comes to the graduated: edge of the 91 
drant j and wen it goes, the index will pe 
pM ach red ent en 


ven R ate 21 Ty 


„RGB L E M Vis”. 


The latitude of the place, the day of the . 
altitude * of any knows ftar, Being 2 ven; to fn 
be W of the . 
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5 wa 3.434 wall "0 
\ as 4b 


"Rediity the globe as in the vemer 
gueſs at the hour of the e- ap hy 


ga _ wy S 


drant of altitude ayer 4 Foy rv 
ge of the ſhar's hy height in the quadrant 
the glabe,. anſwers exactly to the degree/oht 
ſtar's. obſerved. altitude in the-heaveny.you | 
gueſſed exactly: but if the ſtar on che globe: 
higher or lower than it was ebſerved to bein t 
heaven, turn the globe backwards or f 
| keeping the edge of the quadrant upon the fu 
until its center comes to the, ohſeryed altitude 
the quadrant; and then, the index will ſhew t! 
| Te He 6% 8 night. er 


n 7 * 1 an. 


© The oanber of doqreih berth far in abpve' the 
z0n, as obſerved by means of a common iy cal 
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its altitude, 
. . „ 
6 . « 4 4 EC 
14 p os - * 
* * $955 
* * 440 
þ 
- 
” + 44.5 wi. . "$0 + 15. 14 $4. of . : | * — 2 . 
: ; , , —_ man 
. Bu 922 2h e et en hr re 
#1 4 dun 


* Ai 0 Begin” — 2 gt 
P'R 0 .I. E * VII. | 
- e FRE 
. the night by 
v0 known bars, a ee 


15 
anew 


| avi; and then, of. 
ter altitude and azimuth, and therghy 


meridian. 
0:54 | 

Tie one 2 of a thread to a common muſket 
holler ; and, ä 
hold the other end. of the 


tight ; the degree of the horizon, cut dy the 
quadrant, will be the true azimuth of 
in Ip their true alcirudes in the quadrant. At 
mich moment if a azimuth co 
te fo ſet upon a RE Jeep pavement, 
tteſe ſtars, in the heaven Oh 


ding upon it (allowing 
ke nel) as r 


The Uſe of the Celeflial Globe; 
will be directly in the plane of the meridian: 
and if a line be drawn upon the floor or pat 
ment, along the courſe of the thregd, and an up 
right wire be placed in the ſouthmoſt end of the 
Une, the ſhadow of the wire "will falt upon thut 
line, Cc bine 
upon the pavement. n It bes i 4 
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3 LES eth 8 19 b ee eit 
Fo fd een e or of any planet; 1 
meg th 
bei. LEON * HM YIID 20 | 
5 211 ai & 11 A wr d ti 
Seck in Pente or Fee Ephetneths e 
. geocentric place of the moon or planet inthe 0 
_ ecliptic; for the given day of the month; an ic 
according to its longitude and latirude, as it 


by the Ephemeris, mark the ſame with a ctialk 
upon the globe. Then, having rectiſed /the 
„turn it round its axis ; and s 

faid markt comes t0 the eaſtern ſide of t) 
horizon, to the braſen meridian,” and 0 d 
weſtern fide of the horizon, the index will ft 
at what time the planet riſes, oomes to the t 
dian, 88 | 
for a fixed ous 7 10 299 $774 * l 


11 2002 d flow 21 1 ortio 


ren 
wy explain the phenomena 1 . 
"In order to do this, we muſt premiſe the fol 


e n 1. That as the ſon goes 90) n 


ben 9444 * 


in bern . * 
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„ The place Wh moon or 


7 is calle its gc act 


TheUſenfithe Celeſtial Globs. 

ce 2 year round the ecliptic, be den be but 
ce 2 year in any particular point of it : and 
« his motion i almoſt a 


xes round the deliptie once in 27 d und 8 
ſhe ad vances: i 35 degrees in it. evety day 
4 mean rate. 3. That as thenſun gos 
gh part of the ecliptic in the time the 
Jon goes round id the.moon capngt & am une 
either in conjunction with the ſun, or te 
him, in that part of the ecliptic Was 
me laſt time +befote ; but — as 
uch forwarder, as the ſun has advanced in the 
time; which 29 days, makes almoſt 
vole ſign, Tbetafore, 4. Ihe moon can he 
once a oppoſite to the ſun, in any 
cular part of the ecliptic, 5.1 That the 
on is never full but when ſhe is oppoſite to 
Eſun, becauſe at ho other time can we ſce all 
bat half of her, which the ſun enlightens; 6. That 
n any point of the ecliptic riſes, the oppoſite 
nt ſets. Therefore, hen the moon is oppo- 
£10 the ſup, ſue muſt riſe at * ſun- ſet. 7. That 


t angles or degrees of obliquity with the 
mon, eſpecially 2 latitudes: and 
at the ſmaller this an greater is the 
hai dein in any ——— part 


orion of the eclipti 

time; and — — 8. That, in northern 

tudes, no part of l  cclip wy riſes at ſo ſmall 
angle with the horiaqn, as Piſces and Aries do: 


- y 


"This i e Jung 9 ee e 


Wannti n. 
5 15 


KX one 


every 24 
rs, at 4 mem rate: 2. That asche moon 


r different ſigns of the ecliptic riſe at very dif-- 


derciore, a beer por ft W riſes in 


{ krep in the eclipiie, but croſſes it twice every month. | 
ever, the d. e not be icgarded 1 any general X 


», 


one hour, about theſe ene about any 
the reſt. 9. That the 
in Piſces and Aries but in our autumbal-mond 
for at no other time of the year is dhe fun int 
oppoſite ſigns Vigo and Liu] rn 
Theſe things premiſed, take 134 degzers 
the ecliptic in your compaſſes; and beginning 
Piſces, carry ' that extent a round tte eclix 
marking the places with ' à chalk, In 
points of the compaſſes ſucceſſively fall. 
you will have the moon's daily motion un 
out for one r tion — eclip 
according to 2 of the 
b ReQify the g tobe for any Ks 
laticude, (as —— that of 
turning the globe round its axis, 422 1 
much of the hour- cirele the index has gone on 
at the rifing of cach particular mas on 
ecliptic; and you will find that ſeven ef t 
marks (waich take in as much af the eelipuc 
the moon goes through in a week) will all r 
ſucceſhvely about Piſces and Aries, in the tin 
that the index goes over two hours. Thereior 
-whilft the moon is in Piſces ind — 
differ in general above two hours in ber n 
for a whole week. But if | you take notice 
the marks on the 0 polite ſigns, Virgo and Liv 
you will find that ſeven of them'take wine hou 
to riſe; which ſhews, that When the moon 1s 
theſe two ſigns, ſhe differs nine hows in © 
riſing within the compaſs of à weck. Aud 
. later as every mark is of riſing than 
one that roſe next before it, ſo much later 
the moon be of riſing any day, ous the wes" 
the day before, in the correſponding part of 
heaven, The "marks about Concer and Cyr 


The Uſe of ibe Celeftial Globe. 
fie at a mean difference of time between thoſe 
out Aries and Lira. 222 
Now, although the moon is in Piſces and Aries 
ry month, and therefore muſt riſe in thoſe 
bgos within the ſpace of two hours later for a 
whole week, or only about 17 minutes later 
every day than ſhe did on the former; yet ſhe 


months, Auguſt and September, when the ſun is in 
ngo and Libra. Therefore, no full moon in the 
ear will continue to riſe ſo near the time of ſun- 
. for a week. or ſo, as theſe two full moons do, 
which fall in the time of harveſt, 


nd Aries about her firft quarter; and as theſe 
tens riſe about noon in winter, the moon's riſing 
n them paſſes un- Obſerved. In the ſpri 
moachs, the moon changes in theſe ſigus, 

W anſcquently riſes at the time with the ſun 
o that it 48/1 to ſee het at that time. 
in the ſummer months ſhe is in the ſe ſigns about 
ter thitd quarter, and riſes dot until mid · nigirt, 
Nin her riſing is but very little taken notice 
; eſpecially as ſhe is on the decreaſe. But in 
the harveſt monrhs ſhe is at the full, when in 
be'e ſigns, and being oppoſite to the ſun, ſhe 
ſes when the ſun ſets (or ſoon after) and ſhines 
Uthe nights 


all angles with the horizon, as Piſces and Aries 
do in the northern z and as our ſpring is at the 


doons mult he in Virgo and Libra ; and will 
lercfore Fiſe with as little difference of time, as 
an do in Piſces and ius. 80 


X 2 Fot 


k never full in theſe ſigns, but in our autumnal 


ln the winter months, the moon is in Piſcet 


in ſouthern latitudes, Virgo and Libra riſe at a 


lime of their hatveſt, it is plain their harveſt full 
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VU If the cine a I 
Fora fuller account of this f Hl 


| | ; refer the berger to A e 


7 "728 + BY - 
41 0 [219 21 „ * i $ 
4 


1 


T's explain the eq tion of time, * 4 4 
between thin _ 0 — ö 


veing ol 


2 | The ead's merion 00 is axis 
| equab an cauſing an appli 
equable motion of the ſtarry | heaven mn 
fame axis, produced OY of the heal 
it is — that equal of the 

equator paſe over 2 ian in equal 
time, becauſe the axis of honed "I 

. cular to the plane of the equa : "anda 
fore, if the ſun k ept his anoual c 

| _ celeſtial equator, he, would always revel 
| the meridian to the meridian 2 1 


5 | exactly, as ſhewn by a well-regu 
But as the fun moves in N ecliptic, Wan 
oblique both to the plane of then 


| of the world, he cannot always revolys ny 
K meridian to the meridian again 8/0 
1 hours; but ſometimes a little ſannerns 
other times a little later, becauſe f 
of the echptic paſs over the mendian <p 
parts of time, on account of its HH 
this difference is. the ſame in all dati 
To ſhew this by a globe, make Chas 
all. around the | equator and eig 
diſtances from one another (| 10 
beginning at Aries or at Libra, hene 
cireles interſect each other, Then cory 


The Uſe of the Celefial Glebe. 
round its axis, and you will ſee that all 


* in the firſt quadrant of the ecliptic, or 


from the beginning of Aries to the beginning of 


Cancer, come ſooner to the braſen mendian than 


their correſponding. marks do on the equator : 


thoſe in the ſecond quadrant, or from the be - 
of Cancer to the beginning of . Libra, 
ater: thoſe in the third quadrant, from 


$00 
tome 
Ira to Capricurn, ſooner; and thoſe in the 
fourth, from Capricorn to Aries, later. But thoſe 
x the beginning of each quadrant: come to the 
-meridian at the ſame time with their correſpond- 
ne marks on the equator, _ | 

Therefore, whilſt the ſun is in the firſt and 
third quadrants of the ecliptic, he. comes ſooner 
tothe meridian every day than he would do if 
he kept in the equator; and conſequently he is 
faſter than a well regulated clock, which always 
keeps equable or equatorial time: and whilſt he 
in the ſecond and fourth quadrants, he comes 
later to. the meridian every day than he would 
do if he kept in the equator; and is therefore 
flower than the clock. But at the beginning of 
each quadrant, the ſun and clock are equal. 
+ And thus, if the ſun moved equably in the 
ecliptic, he would be equal with the clock on 
lour days of the year, which would have equal 


mtervals of time between them, But as he 


moves faſter at ſometimes than at others (being 
bg days longer in the northern half of the 

ptic than in the ſouthern) this will cauſe a 
kcond inequality; which combined with the 
tormer, ariſing from the obliquity of the ecliptic 
to the equator, makes up that difference, which 


between good clocks and true ſun- dials. | 


: 


8ſhewn by the common equation tables to be 


x 
[ 
| 
1 
| 
' 
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Of the Armillaty Sphere. © 


The deeription and uſe of the armillary ples 


plate XXI. Whoever has ſeen a common armillery Jpbere, 


"Fig, 1. 


ſtruction. And whoever has fem 


The ar- 
millary 


" ſphere, 


and underſtands how to uſe it; muſt be ſenſible 
that the machine here referred to, is of 'a"very 
different, and much more — — 

the curious 
glaſs ſphere invented by Dr. Lowe, or the hgure 
of it in his Aſtronomy, muſt know that the fur 
niture of the terreſtrial globe in this machine, 
the form of the pedeſtal, and the manner of 


turning either the earthly globe, or the eixeles 


which ſurround it, are copied” from! the 
Doctor's glaſs ſphere ; and that the only diffe- 
rence is, a parcel of rings — — celeſ⸗ 
tial globe; and all the additions are 4 moon 
within the ſphere, and a ſemietrele upon the 
edeſtal. e eee 
F The exterior parts of this maefſine are d cm. 
pages of braſs rings, which repreſent the” priner- 
pal circles of the heaven, viz, f. The eqUinotat 
A 4, which is divided into 360 degrees (begin! 
ning at its interſection with the eeliptic in Aries) 
for ſhewing the ſon's right aſcenſion in degrees ; 
and alſo into 24 hours, for ſhewing his "right 
aſcenſion in time. 2. Fhe ecliptie Y, which is 
divided into t 2 ſighs, and each ſign ineo 30 de. 
grees, and alſo into the months and days of the 
year; in ſuch a manner, that the degree or point 
of the ecliptic in which the ſun 4, & any given 
day, ſtands over that day in the tircle'of months. 
3. 1 he tropic of Cancer C C, touching the eelip- 
tic at the beginning of Cancer in e, and the 
tropic of Capricorn DDD, touching the echptie at 
the beginning of Capricorn in f; each 233 3 
| ro 


or- 


ne, 
of 
les 
he 
Fe- 
ef. 
on 
he 
MN. 
ei- 
in- 
es) 
s; 
he 
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le- 
be 
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Of the Armillary Sphere. 
om the equinoctial eircle. 4. The arctic circle 
, and the antarQic circle F, each 2 34 degrees 
fom its reſpective pole at N and S. 5. The 
quinoCtial- colure G C, . paſſing through the 
urch and ſouth poles of the heaven at NN and 


; and through the equinoctial points Aries, and 


Lira, in the ecliptic}. 6. The ſolſſitial colure 
HH, paſſing thou 
trough the ſolſtiual 


ud each quarter of the latter, from the ecliptic 


xe andf, to its poles & and d, for ſhewing the 


ltitudes of the ftars. 


ln the north pole of the ecliptic is a nut 5, to 


wich is fixed one end of a quadrantal wire, and 
v the ather end a ſmall ſun 7, which is carried 
wund the ecliptic B B, by turning the nut: and 
"the ſouth. pole of the ecliptic is a pin at d, on 
which is another rk, 107 wire, with a ſmall 
moon Z upon it, which may be moved round by 


hand : but there is a particular  contrivance for 


auling the moon to move in an orbit which 
croſſes the ecliptic. at an angle of 5x d in 
tuo oppoſite points called the moon's nodes; and 
do for ſhifting theſe. points backward in the 
ecliptic, as the moon?s nodes ſhift in the heaven. 

Within theſe circular rings is a ſmall terreſt- 
nal globe J, fixt on an axis K K, which extends 
fom the north and ſouth poles of the globe at x 
ads, to thoſe of the celeſtial ſphere at N and S. 
On this axis is fixt the flat celeſtial meridian L L. 
Which may be ſet directly over the meridian of 
ny place on the globe, and then turned round 
ith the globe, ſo as to keep over the fame 


X 4 " meridian - 


the poles of the heaven, and 
| ints Cancer and Capricorn, 
nthe ecliptic... Each quarter of the former of 
tele colures is divided into go degrees, from the 
quinotial-tq, the poles of the world, for ſnew ing 
the declination... of the ſun, moon, and ſtars; 
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Of the Armillary Sphere. 
meridian upon ir. This flat meridian is gra. 
duated the ſame way as the braſs meridian of 
a common globe, and its uſe is much rhe ſame. 
To this globe is fitted the moveable boriron 
MM, ſo as to turn upon two ſtrong wires pro- 
ceeding from its eaſt and welt points to the 
globe, and entering the globe at oppofitę point 
of its equator, which is a moveable braſs ring let 
into the globe in a groove all around its equator. 
The globe may be turned by hand within this 
ring, ſo as to place any given meridian upon it, 
directly under the celeſtial meridian L L. "The 
horizon is divided into 360 degrees all around 
its outermoſt edge, within which ate the points 
of the compaſs, for ſhewing the amplitude of the 
ſun and moon, both in degrees and points. The 
celeſtial meridian L ZL paſſes through: two 
notches in the north and ſourh: points” of the 
horizon, as in a common, globe: But here, if the 
globe by eee round, the horizon and meri- 
dian turn with jt. At the ſbuth pole of the 
ſphere is a circle of 24 hours; fixt to the rings, 
and on the axis is an index which goes round 
that circle, if the globe be turned wund is 
3 2 An 

The whole fabrick is ſupported on a pedeſtal 
N. and may be elevated 5 dees upon the 
joint O, to any number of degrees from o to go, 
by means of the arc P, which is fed in che 
ſtrong braſs arm 9, and flides in the Upright 
piece R, in which 18 a ſcrew at 7, to fix it at an 


proper elevation. ee 
in the box T are two wheels (as in Dr. Long's 
ſphere) and two pinions, whoſe axes come out 


1 . 
, 


at and U; either of which may be turned by 


the ſmall winch /Y. When the winch is put 
upon the axis V, and turned gg" 


Tas 
'of 
ne. 
On 
ro- 
the 
nts 
let 
or. 


of the Armillary Sphere. 


xfcrial globe, with its horizon and celeftial me- 


xdian, keep at reſt; and the Whole ſphere of 
crcles turns round from eaſt, by ſouth, to weſt, 

carrying the ſun I, and moon 2, round che · ſame 
Ih and cauſing them to riſe above'and ſer be- 
by the horizon. But when the winch is pur 
upon the axis U, and turned forward, the ſphere 
rh the ſun anch mon keep at reſt ; and the 
arth, with its horizon and meridian, turn round 
fom weſt, by ſouth,” to eaſt; and bring the ſame' 
points of the horizon to the fun and moon, to 
which theſe bodies came when the earth kept at 
rt, and they were carried round it; ſnewing 
that they riſe and ſet in the ſame points of the 
horizon, and at the fame times ĩ in the hour- circle, 
whether the motion be in the earth or in the 
even, If the earthly globe be turned, the 
hour-index goes round its hour- circle; but if 


tte ſphere be turned, the hour-circle goes round 
below the index. 


And fo, by this conſtruction, the machine is 
qually fitted to ſhew either the real motion of 


be earth, or the, fat e N 


yen, ” 
5 rectify the ſphere for us frſt ec 
ew 7 in the upr 233 


if the arm Q, move it up or dom until 
ren degree of e way place:be at the 


ide of the ſtem RN; and then the axis of the, * 


dhere will be properly,cleva as.to ſtand 
parallel to the pn (4 1 the machine 
e ſet north and ſouth by a ſmall compaſs : this 
wne, count the latitude from the north pole, 
pon the celeſtial meridian L. L, down. towards 
de north notch of the horizon, and ſet the hori- 
"1 to that latitude z then, turn, the nut þ until 
«tun 2" comes to the given, day ofthe year 0 
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Prelimi- 
narics. 


by an Ephemeris, and ſet. 
2. 3 winch . . 


_ ſtile; 10 K 


the ecliptic, and the * will wa 
place for that day: find the 
aſcending node,. and alſo re. 


at its. proper 
place of the moon 
of the moon, 


accord- 


ſun comes to the meridian. LL. or until the me- 
ridian comes to the ſun (according as you. want 
the ſphere. or earth to move) and ſet the hour- 
index to the XII, marked noon, and the whole 
machine will be reified.—-— Then turn. the 
winch, and: obſerve when the ſun or moon riſe 
and. ſet in the horizon, and the hour-index; will 
ſhew the times - Bay, for the given day. 

As thoſe who underſtand K uſe of the g 
will be at no loſs, to work. many other. 
by this ſphere, it N 
farther 5 it. „Id 17 5 

12 ö $5371} - 
DIMOY var. * F c 7 X. et 


ND e 


0208 Lege and ans Ly doling. . 

Dis id 8 dlaine; bn My lin& 12 9 

4 aten in _ a manner, = rrp the _ : 
a wire, or of he upper” edge of a e, 
erected perylctifcuturly on the plane Ker dial, 
"7 ſhew the true time « a 
he ex] e of the plate by Wh i of t 
found, is called the ſtile of the dia 

el wf de parallel to the earth axis; "2 
the line on which the faid' Plate is erected, | 
called the ſubſtile. 
The angle included between Ge ſubitile anc 
Alle, is called the elevation, or height of the 


Thoſe dials wiiofe planes are parallel to the 


plane of the horizon, ate called horizontal dm 
4 ' 


Of Dialing; 


nd thoſe dials whoſe s are perpendieular 
y the plane of the are called wenden 


r erect dials. * 
Thoſe ere dials, whoſe! hc ee he : 

the north or ſouth; are called direct north or 

buth dials; and all other erect dials are called 

&cliners, becauſe their ee are wr any 

fom the nortk or fouth; '- 

Thoſe dials whoſe planes are eiche parallel | 
vr perpendieular to the plane of the horizon, 
ve called inelining, or rechoing dials, accord- 
ng as their planes make acute * obtuſe angles 

"th the horizon; and if their planes ate alſo 

de: turned aſide from facing the fouth or north, they 

ms Wl ze called ceclining-inchaing, or deen re- 
ning dials. 

The interſection of the plane of the dial, with - 
hat of the meridian, peffing through the ſtile, 
r the meridian of the” diy; or che hour- 

Thoſe meridians, whoſe planes pes theo! 

le ſtile, and make angles of 15; 30, 48, 

15, and 90 degrees with the me of 

ce (which marks the hour-line of Mh are 

alled hour eircles;- and their interſections with 
be plane of the dial, are called hour - lines. 

ln all declining ak, the ferdſtile makes an 
age with the hour-line 'of XII; and this a le 

— the diffanice of the ſubltile from 

Wndan, | 

The declining plane” - iffevenie of jonhjtote; | 

$ the angle formed ar the ĩnterſectiom of the 

de and plane of the dial; by two meridians; 

we of which paſſes through the hour-line of XII, 

kd the other through 122 ſobſtiſe. 


Don 
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Plate XX. 
Fig. 2. 


The uni- 
verſal 
principle 
on which 
dialing 
depends, 


Horizon - 


tal dial. 


Fig. 3. 


Of. Dialing: 


- This much being premiſed concerning dials in 
we ſball now proceed to 2 oh 44h — 5 
— of their conſtruction. 
If the whole carth 4 P.cp were i 
and hollow, like a ſphere, o — and i 
equator divided into 24 * by fo — , 


meridian ſemicircles, a, b 7 5. Ac. one 
of which is the e meridlan of ar 
pg as London (which is ſoppoſed te 
e point 25 and if the hours of XII 
were * at the equator, both upon tha 
meridian and the oppolite one, and all the ref 
9 the hours in order on the reſt of the meri 
jans, thoſe meridians would be the hoar-circle 
of London: then, if the ſphere had an opake 
axis, as P Ep, terminating in the poles * and 
p, the ſhadow of the axis would fall upon 
icular meridian and, hour, when 8 fy 
came to the plane of the oppoſite meridian, and 
would 2 ſhew the time at Londe 
3 | other. rue on een 
ndon | 
If this ſphere was cut through the middle 
a ſolid plane A BCD, in the rational | horizon « 
#0554 one half of the axis E P would t 
above the plane, and the other half below it 
and. if ſtraight lines were drawn. from che cente 
of the plane, to thoſe points where its circur 
ference is cut by the hour circles of the ſpher 
thoſe lines would be the hour-lines of 1 2 
zontal dial for London: for the ſhadow of 
axis. would fall upon each particylar. chats 
of the dial, when it fell upon che like hour 
cle of the ſphere, , 
If the plane which cuts the ſphere he wprg . 
as AFCG, touching the given place (Lo 
at E, and directly Facing the meridian of Le 
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den, it will then become the plane of an erect 
direct ſouth dial: and if right lines be drawn 7*rtical 
from its center E, to thoſe points of its circum- 4 
ference where the hour cireles of the ſphere cut 
t, theſe will be the hour - lines of a vertical or 
direct ſouth dial for London, to which the hours 
xe to be ſet, as in the figure: (contraty to — a 
on 2 horizontal dial) and the lower half 8 
he axis will caſt a ſhadow on the hour 
dy in this dial, at the ſame time that it — 
fall upon the like hour-cirele of the ne. if 
the dial-plane was not in the way. 

If the plane (Rill facing the meridian) be Inclizing 
nade to incline, or rechne, by any given number x 8 
of degrees, the hour. circles of the ſphere will. — 
fill cut the edge of the plane in thoſe points to 
wich the hour- lines muſt be drawn ſtraight 
fom the center; and the axis of the ſphere will 


alt a ſhadow- on theſe lines at the reſpective 
tours, The like will ſtill hold, if the an! yo _ — 
nade to decline by any given number eps dials. 


fom the meridian, towards the eaſt or weſt 

Irovided the declination be leſs than go degrees, 
the reclination be leſs, than the co · latitude 
frhe place: and the axis of the ſphere will be 
1gnomon, or ſtile, for the dial. But it cannot 

& a gnomon, when the declination — 0 5 
egrees, nor when the reclination is equal 
lie co-latirude z becauſe in theſe two — 


rg no elevation e they plane of 
Ila 
appears, that the plane of every 


And thus it 
dal repreſents the plane of ſome great - circle 
on the earth; and the gnomon the earth's 
ui, whether it be a ſmall wire, as in the above 
Rares, or the edge of a thin e as in the 
enmon horizontal dials. Lf 
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The 2 8 a8 — bulk, is but ; 
point, if compared to its diſtance from the fun Wl * 
and therefore, if a ſmall ſphere of glaſs be placed 
upon any part of the eath's ſurface, fo hail © 
its axis be parallel to the axis of the earth, and 
the ſphere have ſuch lines upon it, and ſoc * 
planes within it, as above deſcribed ; it will ii de 
the hours of the day as truly as if it were placec 1 
at the earth's center, and the ſhell of the ear ©: 
were as tranſparent as glaſs. Al 
But becauſe it is impoſſible to have a hello 
ſphere of glaſs perfectiy true, blown round Wi © 
Fig. 2, 3. folid plane; or if it was, we could not get a8 
the plane within the glaſs to ſet it in "any give 
poſition z; we make uſe of a wire- ſphere to tx 1 
3 the principles of dialing, by joining 2 bl 
icircles together at the poles; and putin 
a thin flat plate of braſs within it. = 
Dialing A common globe, of 12 inches diameter, b * 
by the generally 24 meridian ſemicircles "drawn up 
common it, If ſuch a globe be clevared tothe latitude oi e 
le. any given place, and turned about utiulaby 0 "4 
of theſe meridians cuts the horizon in the. 1 
int, where the hour of XII is ſuppoſed « 
E the reſt of the ' meridians will ct + 
the horizon at the reſpe&ive diſtances' of all t - 
other hours from XII. Then, if theſe points 
diſtance be marked on the horizon, and 3 
lobe be taken out of the horizon, and a ah 
board er plate be put into its place, even will. 
the ſurface of the horizon; and if ſtraight] hn 
de drawn from the center of the board; to thou” 
points of diftance on the horizon which we * 
cut by the 24 meridian ſetwicircles, theſe i. , 
will be the hour-lines of a horizontal dial der 
that latitude, the edge of whoſe gnomen mig 


be in the very ſame ſituation that — ; 
3 


[| 
= 
2 
f 
1 
13 . 
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lobe was, before it was taken out of the hori- 
10a : that is, the gnomon mult make an angle 
vich the plane of the dial, equal to the latitude 
Tsp for which the dial is made. 

f the pole of the globe be elevated to the 
*co-latirude of the given place, and any meridien 
be brought to the north point af the horizon, 
the reſt of the meridians will cut the horiaon in 
he reſpective diftances of all the hours from 
III, for a direct ſouth dial, whoſe gnomon muſt 
nake an angle with the plane of the dial, _ 
to the co-latitude of the place; and the hours 
nuſt be fet the contrary way on this n © 
vat they are on the horizontal, 

But if your globe have more chan dy 8 
dan ſemicircles upon it, you muſt take the 
flowing method for 2 eee and 
jeuth dials. 

Elevate the pole to the lande of your place, To con- 
ud turn the globe until any particular meridian 755 — 
(uppoſe the firſt) comes to the north point ef , 
the horizon, and the ſite meridian will cut f 
be horizon in the Then, ſet the hour - 
adex to the uppermoſt XII on its circle; which 
me, turn the globe weſtward until 15 degrees 
the equator paſs under the braſen meridian, 
ud then the hour - index will be at I (fer the ſun 
does 15 degrees every hour) and the ftſt meri- 
an will cut the horizon in the number of de- 
fees from the north point, that I is diſtant from 
ll, Turn on, until other 15 degrees of the 
ator pals under the braſen meridian, and the 
bur index will then be at II, and the firſt me- 


* Jatitude be ſubtrafied from go degroes,. the + 
= is called the 694lazitude, or complement of 


2 
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| — will cut the horizon e — 


degrees that II is diſtant from by 
. 1g degrees of the eum 
the braſen meridian for every hour, the 


. ridian of the globe will cut the: N the 
0 JU 90 degrees? 
farther, for the diſtances hes ng Th 
VII, and VI. in the forenoon, ers 
from XII, as the diſtances of I, II, I 
and VI, in the afternoon; and theſe hof 
continued through the centet, nll gre 
oppoſite hour-lines on the other half H 
but no more of theſe lines need be d 
what anſwer to the ſun's | continuance SL 
horizon of your place on the longeſt dang nll 
ay 8 by the -— 
. horizontal dial forg 
tude of London, which is 513 degra 
elevate the north pole of the globe 
above the north point of the and 
turn the globe, until the firſt, median ns | 
is that of London on the Engliſh te on 
globe) cuts the north point of che kara | 
et the haur-index to XII at non. | 
Then, turning the globe weſtward until | 
index points ſucceſſively to I, II, 11, 
2 VI. ns yer afternoon 3 of or until 13 
55 o degrees equator 
the — — you will find that the 
meridian of the globe cuts the Hoπ,,Hjĩͥ 
following numbers of degrees from the 
towards the eaſt, viz. 113, 244» 3$_ 
7145, and go; which are the ref diſtand 


of the above hours from XII upon the PN 
the * 2 | 
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Ines 4c. and $ upon that plane, as far from 
ch other as is equal to the intended thickneſs 
if the gnomon or ſtile of the dial, and the-ſpace. | 
wuded between them will be the meridian 

Fecive o'clack line an the dial, Croſs this 
peridian at right angles with the fix o'clock line 
hand ſetting oe foot of your compaſſes in the 
merſecuon @, as a center, deſcribe the quadrant 
4 with any convenient radius of opening of the 
wpaſſes : lien; ſetting one foot in the inter- 
lion 5, as a center, wich the ſame radius de- 
be the quadrant / b, and divide each qua - 
ad into 30 equal patts or degrees, as in the 


Becauſe the hour · lines are leſs diſtant: fi 
ch other about noon, than in any other part 
te dial, it is beſt to have the centets of 
Judrants at a little diſtance from the center g 
ite dial- plane, on the fide oppoſite to XII, in 
Ger to enlarge the hour-diſtances thereabauts, 
wier the facye angles on the plane. Thus, the 
teacer of the plane is at C, hut the centers of ihe 
2 and Q | * ** 0 8 10 
Ya ruler over the point Lads keeping 
Were for the center of all the aſternoon hours p 
le quadrant. f þ) draw the hour-line of I, 
A. degrees in the quadrant; the hour- 
ve of II, thgough 242 degrees ; of III, through 
Nr degrees; IIII, through 332, and V through 
: and becauſe the fun riſes about four in 
be morning, on the longeſt days at London, 
aatinue the — rot of _ you V —— 
Mernoon, through the center þ to the oppoſite 
lie of the dial This done, lay the ruler to the 
eter a, of the ret eg, and ne 
BT” - - 7 | 4 e 


To xransfer theſe, and the reſt of che hours Plaexxt, 
b 2 horizontal plane, draw. the parallel right Fis 1. 
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like diviſions or degrees of that quadrant, vi 

113, 242, 381, 535, and 71 17 the fore 

noon hour-lines of XI, X, IX, VIII, and VII 

and becauſe the ſun ſets not before eight in th 

evening on the longeſt days, continue the hour 

lines of VII and VIII in the forenoon; 
center a, to VII and VIII in the afternoon ; ane 

all the hour- lines will be finiſned on this dial 

to which the hours may be ſet, as in the figure. 

Laſtly, through 5 13 degrees of either quad 
rant, and from its center, dra the right line 4 

for the hypothenuſe or axis of the gnomon f. 
and from g, let fall the perpendicular g i, upot 
the meridian line a i, and there will be a triangl 
made, whoſe ſides are ag, gi, and #8. 
plate ſimilar to this triangle be made as thick 
the diſtance between the lines ac and bd, and ſe 
upright between them, touching at à and 6, it 
hypothenuſe ag will be parallel to the axis of t 
world, when the dial is truly ſet; and will caſt 
ſhadow on the hour of the day. 

N. B. The trouble of dividing the two quad 
rants, may be ſaved, if you have à ſcale with 
line of chords upon it, ſuch as that on the righ 
hand of the plate: for if you extend the cc 
paſſes from o to 60 degrees of the line of chord 
and with that extent, as a radius, deſcribe t 
two quadrants upon their reſpective centers, tg 
above diſtances may be taken with the co 
paſſes upon the line, and ſer off upon the quac 
rants. ee 

Fig. 2. To make an erect direct ſouth dial, Elevatet 
40 an Pole to the co- latitude of your place, and pre 
ere fury ceed in all reſpects as above taught for the ho 
dial. zontal dial, from VI in the morning to VI in ti 
afternoon, only the hours muſt be reverſed, 

in the figure; and the hypothenuſe ag, of tt 

3 y g 10M ) 
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mon @ gf, muſt make an angle with the dial- 
equal to the co-latitude of the place. As 
be ſun can ſhine no longer on this dial, than from 
u in the morning until ſix in the evening, there 
no occaſion for having any more than twelve 
jours upon it. Wh bz, 42d" =th4 
To make an rei dial, declining from the ſouth To con- 
wordt the eaſt or weſt. . Elevate the pole to the "rt on 
ltitude of your place, and ſcrew the quadrant of — 
ltude to the zenith. Then, if your dial de- 4. 
lines towards the eaſt (which we ſhall ſuppoſe 
to do at preſeat) count in the horizon the 
tegrees of declination, from the eaſt point to- 
xards the north, and bring the lower end of the 8 
quadrant to that degree of declination at which 
the reckoning ends. This done, bring any par- 
icular meridian of your globe (as ſuppole the 
iſt meridian) directly under the graduated edge 
« the upper part of the braſen meridian, and 
kt the hour-index to XII at noon. Then, keep- 
ng the quadrant of altitude at the degree. of 
&clination in the horizon, turn the globe eaſt- 
rad on its axis, and obſerye the degrees cut by 
de firſt meridian in the quadrant of altitude 
counted from the zenith) as the hour index 
comes to XI, X, IX, &c. in the forenoon, or as 
15 30, 45, &c. degrees of the equator paſy under 
te braſen meridian at theſe hours reſpectively; 
ad the degrees then cut in the quadrant by the 
iſt meridian, are the reſpective diſtances of the 
orenoon hours from XII on the plane of the 
dal. — Then, for the afternoon hours, turn the 
quadrant of altitude round the zenith until it 
comes to the degree in the horizon oppoſite ro 
lat where it was placed before; namely, as far 
tom the weſt point of the borizon towards the 
both, as it was ſet at firſt from the eaſt point to- 
dads. the north; and turn the globe weſtward 
1 | on 
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goes off the dial. . 


point toward the north, and bring the lower end 
of the quadrant of altitude to that degree « 
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on its axis, until the firſt meridian comes to t 
braſen meridian again, and the Hour inder tr 
XII: then, continue to turn the globe weſt- 
ward, and as the index points to the afteriioc 
hours I, II, III, &c. or as 15, 300 4% Ec. de- 
rees of the equator paſs under the bruſen meri- 
ian, the firſt meridian will cut the quadrant o 
altitude in the reſpective number of dep 
from the zenith, that each of theſe hours is frot 
XII on the dial. —And note, that when the firſt 
meridian goes off the quadrant at the horizon, in 
the forenoon, the hour-index ſhews the ti 
when the ſun will come vpon this dial; and 
when it goes off the quadrant in the afternoon, 
the index will point to the time when the ſut 
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Having thus found all the hour: diſtahers from 
XII, lay them down upon your dial-plate, either 
by dividing a ſemicircle into two quadrants o 

o degrees each (beginning at the hour-line of 

IT) or by the line of chords, as above directed. 

In all declining dials, the line on which the 
ſtile or gnomon ſtands (commonly Called the 
ſubſtile-· line) makes an angle with the twelve 
o'clock line, and falls among the forenoon hour- 
lines, if the dial declines towards the caſt; and 
among the afternoon hour-lines, when the dil 
declines towards the weſt; that is, to the |eft 
hand from the twelve o'clock line in the former 
caſe, and to the right hand from it in the 
latter. | i OY 
To find the diſtance of the ſubſtile from the 
twelve o'clock line; if your dial declines from 
the fouth toward the eaſt, count the ' degrees 
of that declination in the horizon from the eal 


3-6-6 FK E88 


declination 
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eclination where the reckoning ends: then, 
urn the globe until the firſt meridian cuts the 
horizon in the like number of degrees, counted 


tuen the firſt meridian aud the zenith; is 
equal to-the diſtance of the ſubſtile m th 
welve G clock line; and the number of 
of the firſt meridian, which are in te 
tween the quadrant and rhe north pole, is equal 
a of the ſtile above the plane of 
Den 8 N N 
f the dial declines weſtward from the ſouth, 
count that declination from the eaſt point of the 
horizon towards the ſouth, and bring the quad- 
rant of altitude to the degree in the horizon" at 
iich the reckoning ends; both for finding the 
forenoon hours, und the diftance of the ſubſtile 
from the merjdian : and for the afternoon hours, 
bring the quadrant to the oppoſite d in the 
horizon, namely, as far fram the weſt towards 
a north, and then proceed in all reſpects as 
above, | Ay 
Thus, we have finiſhed our declining dial; 
nd in ſo doing, we made four dials, ix. 
1. A north dial, declining eaſtward by the 
lame number of degrees. 2. A north dial, de- 
dining the ſame number weſt. 3. A fouth 
dal, declining eaſt. And, 4, a ſouth dial de- 


lining weſt, Only, placing the proper number 


of hours, and the ſtiſe or gnomon reſpectively, 
upon each plane, - For (as above-mentioned) in 
the ſouth-weſt plane, the ſubſtilar-line falls 


among the afternoon hours; and in the ſouth; - 


alt, of the ſame declination among the forendon 
SJ ours, 
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An eary 
method 
for con- 
ſtructing 
cf dials. 


thoſe where the lige of hours is a foot in length 


* 


c 


and by much the beſt, when the lines are trul 
divided: not only the half hours and quarter 


/ Dab 


hours, at equal diſtances from XII. And oi © 
all the morning hours on the welt decliner wi k 
be like the afternoon hours on the caſt decliner Wil '- 
the ſouth-eaſt decliner will p "the « up 
weſt decliner ; and rhe fuk welt decliner, the fr 
north-eaſt decliner, by only extending the hour © 
lines, ſtile and ſubſtile, quite through xe center Wil © 
the axis of the ſtile (or edge that caſts the ſhado t 
on the hour of the day) being in ll; dials what * 


quently pointing towards the north pole of the 
heaven in north latitudes, and towards the ſout 
pole, in ſouth latitudes. See more of this in th 


But becauſe every one who would tke to make 
a dial, may perhaps not be provided with à globe 
to aſſiſt him, and may probably not underſtand 
the method of doing it by logarithmie calcula 
tion; we ſhall ſhew how to perform” it by the 
plain dialing lines, or ſcale of latitudes and 
—_— ſuch as thoſe on the right hand of Fig 
4+ in Plate XXI, or at the top of Plate XXII 
and which may be had on ſcales'commonly fold 
by the mathematical inſtrument makers. > 
This is the eaſieſt of all mechanical methods 


may be laid down by all of them, but every fit 
minute by moſt, and every ſingle minute d 


Having drawn your double meridian Tine 4 
cd, on the plane intended for a hotizontal dial 
and croſſed it at right angles by the clock line 
Fe (as in F Ig. 1.) take the latitude of your plac 
with the compaſſes, in the ſcale of latitudes, anc 
ſet that extent from c to e, and from 4 to,, on 
the) ſix o'clock line: then, taking the _ fix 
| | ours 


cale of hours, with that extent ſet one foot in the 


won the meridian line cd, as at d. Do the ſame 
fom / to h, and draw the right lines e d and F, 
ach of which will be equal in length to the hole 
ſcale of hours. This done, ſetting one foot of 
the compaſſes in the beginning of the ſcale at XII, 
ud extending the other to each hout on the 
ſcale, lay off theſe extents from d to e for the 
fternoon hours, and from & to f for thoſe of the 
forenoon : this will divide the lines d and 
in the ſame manner as the hour-ſcale is divi 


ao be laid down, if required. Then, laying a 
mer on the point c, draw the firſt five hours 
n the afternoon, from that point, thraugh the 
lots at the numeral figures 1, 2, 3, 4, Sn the 
lne de; and continue the lines of IIII and V 
through the centere to the other ſide of the dial, 
for the like hours of the morning; which done, 
lay the ruler on the point a, and draw the laſt five 
tours in the forenoon through the dots 


bour-lines of VII and VII through the center a 
o the other ſide of the dial, for the like hours 
of the evening; and ſet; the hours to their re- 


torizontal dial, and the whole will be finiſned. 
To make an erect ſouth dial, take the co · la · 
itude of your place from the ſcale of latitudes, 
nd then proceed in all reſpects for the hour- 
ines, as in the horizontal dial; only reverſing 
tie hours, as in Fig. 23 and making the angle 
lf the lile's height equal to the co- latitude. 
IJ © 18 4 | 1 41 I haye 


jours between the points of the compaſſes in the 
xint e, and let the other foot fall where it wil! 


11, 2, 3, 4 5 and 6; on which the quarters max 


5 3, 2, 1% on the line f continuing the 


pective lines, as in the figure. Laſtly, make te 
gnomon the ſame way as taught above for the 


827 


— 


4 


POR. ten. 1 
1 dran out a ſet of diali 

Xlic top of the 22d Plate, large — for ma 

ing a dial of nine inches diameter, or nome 

if required; and mee. drawn them 

exact for common practice, to every as 

un hobr. This ſcale may be gut 2 

Plats, and paſted on wood, or u inſide di 

of the boards of chin bock anckthen 

be ſomewhat more exact than it , 

For being rightly divided upon the lbs 1 
and printed off on wet paper, ic i 

per dries: but when it is 1 

ferches'to the ſame ſige as hen ge 

and if paſted on while wet, it will remain eB 

ſize after ward. TT. 


But leſt the young dialiſt would haus 
8 | globe nor = ſcule, and ſhould mrs 


herwiſe ſpoil theipaper one in we (ul 
How ſhow! im how he may make a 
any of theſe helps, Only, if he ah not u Tink 
of "chieds, he muſt divide a 1 into 9d 
+ ov parts or degrees for raking the | 
the ſtile's elevation, which is cafily d 
Fi With any opening of the com u Zh, 
8. + geſeribe the two femicircles | LF 
upon the centers Z and z, where the 
_ -line me ws double meridian dine, — 
n each ſemicirele into 12 equal parta, 
. I (though, Rtriftly freaking, * 

from L tb the ſt O clock line n j 
then connect the diviſions which ure quan 
from L, by! the parallel lines x M. IN, HG 2 
and Y. Draw V for the pypothenat 
"ſtile, making the angle / Z E Ee 

rude of your place ;/ and continue the 1jn&al 
R. Pra the line N parallel to 
Fe, and ſet off the diſtince « K from * 
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te diſtance I from Z to I, © H from Z to i, 
0 from Z to V, and F from te S. Then 
un the tines S T, Wu. X, and Zy, each 
to Rr. St off the diſtance y from 
W411, — Ha$ 4 the diſtance. x from 4 
#6, and from ta ww #/ from ic to g, and 
um b to 3477 from u to 8, and from i 10 
4j 5 S from 10 5, and from 10 h. Thon lay: 
ing a — — dtaw the forenoon 

Wur- lines tiroumgh the points 11, lo, 

and haying it to che center *, draw the 92 8.— 
es throùgh the points 1, u, g. 45:55 rontinu- 
bby the fofenoon mes of VII and VIH 

the center Z, to the oppoſite ſide: of the dial, for 
— and the afternoon lines 
IM and Vothrough:the center x, to the 


ke, for tbelite —_— Set the hours 


T0 — Grid — 1 2. South 
an angle with the meridian . L equal to 4. 
— plare ; and proceed in 
reſpects as in the above horizontal dial for: the 

— —— teyerſing the houts as in Fig. a, 

ind making the elevation of theignomian: cqual 

o the co-laritude. b 


Perhaps it may not explain 
the method of conſtructi che dinkng hacs, and 
ſme others which 1 is as follows. 

With any o of the compaſies, as E 4 Plate 
cording te to — intended — 


to 


— 
ted. 


ul then — — ef ng equal par, 
divided. GS Wb as Draw 
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the right line AF B for the chert af this quad 
rant, and ſetting one foot af the-compaſies. in 
the point A, extend the other ta the ſeveral div: 
ſions of the quadrant, and transfer theſe diviſions 
to the line A F'B by the arcs 10 40, 20 20, &c, 
and this will be a line of chords, divided into gc 
— parts; which, if transferred from ti 
line back again to the quadrants will divide it 
equally. It is plain by the-Ggute- that the dil- 
tance from A to 60 in the line af-chords,//is juſt 
equal to A E, the radius of the citele from which 
that line is made; for if thecar cih 60 be con- 


U 
tinned, of which:Ais/the center, it S088 Krad 
through the center of the are 1 n 
And therefore, nne 1 
degrees on a circle, by the ling of chords, , ti; 


muſt firſt open the compaſſes ſoi ud to take in 
juſt 60 degrees upon that line, as from 440,60: 
and then, with that extent, as a radius, deſcribe 

a circle which will be exactly of the ſame fiar 
with that from which the line ms divided: 
which done, fer one foot of the compalſes.in the 
beginning of the chord line, as at A. and extend 
the other to the number of degrees your Want 
upon the line, which extent, applied tu the Grck, 
will include the like number of; degrees up 

It. IHN sen 
Divide the-quadrant C D. into go equal part 
and from each point of diviſion draw right lines. 

as i,k, I, &c. to the line C Ez All perpendicul 

to that line, and parallel to DE hich will di 
vide ECintora line of ſines and although thei 
:are ſeldom put among the dialing lines on a ſcale, 
227 vet they aſũſt in drawing the: line latitudes. 
Por, if a ruler be laid upon the D, and 
bpooyer each diviſion in the line of ſines, it wil 
= . divide the quadrant C B into go unequal pant 


8 Bo, ab, &c. ſhewn by the right lines 10 4, 
10 b, 30 c, &c. drawn along the edge of the ruler. 
the right line C be drawn, 


ding this 
quadrant, and the neareſt diſtances B a, Bt, 
&c. be taken in the compaſſes from B, and ſet 
pon this line in the ſame manner as directed for 
the line of chords, it will make a line of latitudes 
c, equal in length to the line of chords , 
nd of an equal number of divifions, but 
mequal as to their lengths. 1 

Draw the right line DG 4, ſubtending the 
quadrant D'A and to it, draw the right 
Ine , touching the quadrant D A at the nume- 
nl figure 3. Divide this quadrant into ſix equal 
parts, as 1, 2, 3, &c. and through theſe points of 
diviſion draw right lines from the center E to 
the line rs, Which will divide it at the poi 
vhere the ſix hours are to be placed, as in the 
igure. If every ſixth part of the quadrant be 
ſubdivided into four equal „right lines 
dawn from the center th theſe points of 
dyiſion, and continued to the line 75, will dwide 
tach hour upon it into quarters. 

In Fig. 2. we have the repreſentation of a _ 
prtable dial, which may be eaſily dramm om a 1 . 
ard, and carried in a et The lines 
adh ab and òõ c of the gnomon muſt be cut quite 
rough the card; and as the end a þ of the 
ron is raiſed occaſionally above the plane ot the 
dial, it turns upon the uncut line cd as on a 
linge. The line dotted AB muſt be lit quite 
rough the card, and the thread muſt} be put 
rough the lit; and have a knot tied behind, to 
lep it from being eaſily draum out. On che 
iher end of this thread is a-ſmall rms D, 
nd on the middle of it a ſmull bead far ſhewing 
be hour of the day. | | 


| 


332 


ws lem abe day af the month over the angu 
_  apgingat XII, and. it will cut che for's.dechr 


| 1 —— {cale of months. 


Of Dialing. 
Io edi this dial, fer the Arad in 1 
Ait right againſt the day of the month, and ſueic 
the thread fnam che day of the month over t 
angular paint where the curve lines meet at XII 
then ſnitt the bead to that point an the threaiſ 
ende dial be recti. 

To iind the hour of the day, raiſe»the gr 
* matter how much ar how little) and bo 
he edge of the dial next the gnoman toward 
the ſun, ſo as the of the £ 
-of the gnomon may juſt cover the 
anti the bead then playing freely on — 
the dial, by the weight of the 3 
ſhew che time of the day among the | 
as it is forenoon or afternoon,” ,- +, 

To-nd the time of Can ile and ſetting 
move the thread. amang the — un 
either covers ſome one of them, or lies parill 
berwitt any two; and then it will cut the-t 
afiſun - riſing among the forenobn en 
dun: ſetting among the aftetnoon haut, on t 
day of the year for which: 1 ſet in l 
ſcale of months. 

Tofind thee devlioetiny rently 


* 


tion, asp it ãs north or ſouth, fur that day, in 
arehediſcale of north and ſouth declination. 

To find on what days the ſun enters ti 
ſigus: when the bead, as above rectiſied, mon 
along any of the curve lines Which have ti 
ſigns of the zodiac marked upon them, tl 
un enters thoſe ſigns on the days . 5 


The conſtruction of this dial is ver e 


Aaperialiy lif the reader compares it all ale. oh 
i © . 0 WH 


\ 


| Of Dialing. | 
e n 


ion of t 
Draw the — A parallel to the top o 


clock line EC D; then upon C, as. a center, 
id the radius C 4, — — 
ad divide it into 12 equal parts ( gat 
133 4r, As, &c. and from theſe points of 
irifion, draw the hour-lines 1, 4, l, u, v, E, wh. 
nd x, all lel to the ſi o'clock line EC. 
Teach part of the ſemicirtle be ſubdivided nta 
fur equal parts, they will give the half-hour 
hes and quarters, as in Fig. 2. Draw the right 
he AS Do, making the angle SAR equal to the 
kitude of your place. Upon the center A de- 
tibe the arch R S F, and ſet off upon it the arcs 
N and & T, each equal to 232 degices, for the 
s greateſt decimation z and divide them into 
13; equal party. as in Fig. 2. Through the 
nerſection D of the lines EC D and ADs, 
nu the right line FDG at right angles to 
{Do, Lay a ruler to the points A and R, and 
ty the line ARF through 234 degtees of 
buth declination. in the arc & R and then lay- 
tg the ruler to the points A and T, draw the line 
{TG thro _—__— of north declination 
the arc 1 che lines AR F and 
{TG cut he l DG in the praper length 
br the ſcale of months. Upon the center. Dy 
nh the radius DF, defcribe the ſemicircle 
500 and divide it into fix equal parts, Fm, 
>", no, &c. and from theſe of diviſion 
try the right tines b, » 4, pd, and gd, each 
alle] to o D. Then ſetting one foot of the 
ompaſſes in the point H, extend the other to 24, 
ud deſcribe the ure Ax ¶ for the tropic of : 


nth the ſame extent, ſerting one foot in G. dev 
ſcribe 


ee 3. 


beginnings of the figns and f ; and with the 


An i. Plane (A), becauſe in the prattice it muſt be po- 


Of Dialing. tes 
ſeribe the arc A E O for the tropit of . Neyr 
ſetting one foot in the point h, and extending 
the other to A, deſcribe the are AC I for- the 


ſame extent, ſetting one foot in the point I, de 
ſeribe the arc AN for the beginnings of the 
ſigns n and K. Set one foot in the point 5, and 
. extended the other to A, deſcribe the arc 
AK for the beginnings of the ſigns dt and m ; 
and with the ſame extent, ſet one foot in l, and 
deſcribe the are AM for the beginnings of the 
ſigns s and m. Then, ſetting one foot in the 
point D, and extending the other-to 4, defcribe 

the curve AL for the beginningꝭ of v and « 
and the ſigns will be finiſhed, - This done, lay 
ruler from the point A over the ſun's declinanc 
in the arch R S T (found by the following table) 
for every fifth day of the year ;; and where the 
ruler 2 — — FD 6 marks; 5 

ce the days of the months right againſt : 

—_— in the: manner ſhewn by Fi 2. Laſtly, 
draw the ſhadow-line P to the occult 
line AB; make the gnomon, and ſet the hours 
to their reſpective lines, as in Fig. a. and the dial 
will be finiſhed. - „ eee 
There are ſeveral kinds of dials, which arc 
called univerſal, becauſe they ſerve for all lat 
tudes. Of theſe, the beſt one that I know, 15 
Mr. Pardie's, which conſiſts: of three principal 
parts; the firſt whereof is called the horizonts 


rallel to the horizon. In this plane is fixt.an 
upright pin, which enters into the edge of the 
ſecond part B D, called the meridianal plant 
which is made of two pieces, the loweſt whereof 
(B) is called the quadrant, becauſe it contains 4 


quarter of a circle, divided into 30 degrees * 


Of Dialng 
tz only into this part, near B, that the 3 
ſhe other piece is a ſemicirele ( D) adjuſted to the 
wadrant, and turning in it by a groove, for raiſing 
«deprefling the diameter (E F) of the ſemicircle, 
mich diameter ĩs called the ai of the inſtru- 
nent. The third piece is a circle (G, divided 
n both ſides into 24 equal parts, which are the 
jours. This circle is put upon the meridional 
une ſo, that the axis (E F) may be perpendicu - 
kr to the circle; and the point C be the com- 
non center of the circle, ſemicircle; and quad · 
ant. The ſtraight edge of the ſemicircle is 
chamfe red on both ſides to a ſharp edge, which 
paſſes through the center of the circle. On one 
ide of the chamfered part, the firſt ſix months of 
the year are laid down, according to the ſun's 
&eclination for their reſpective days, and on the 
other ſide the laſt ſix months. And againſt the 
days on which the ſun enters the ſigns, there are 
ſtraight lines drawn upon the ſemicircle, with the 
characters of the ſigns marked upon them. 
There is a black line drawn along the middle of 
the upright edge of the quadrant, over which 
hangs a thread (H), with its plummet (7), for 
kreling the inſtrument. N. B. From the 23d 
af September to the 2oth- of March, the upper 
urface of the circle muſt touch both the center 
Cof the ſemicircle, and the line of v and ; 
ind from the 20th of March to the 2d of Sep- 
tember, the lower ſurface of the circle muſt 
touch that center and line. e 
Jo find the time of the day by this dial. Hav- 
ing ſet it on a level place in ſun- ſnine, and ad- 
Julted it by the leveling ſcrews E and 7, until the 
plumb-line hangs over the black line upon the 
ge of the quadrant; and parallel to the faid 
edge; move the ſemicircle in the quadrant, hen 


falls preciſely on the day, of the month in 


ſigns upon the ſemici 


Duale. 
the line of 4 8nd & (here the tintis touches 
comes to the latitude of your place in the quad 
rant: then, 'curn the whole :meridional Wa 

B D, with its circle &, upon tiie harinental pla: 
A, until the odge of the ſhadom df the eint 


femicircle ; and then, the: mendianal plane wil 
be due north and ſouth, th& axis KF will | 
parallel to the axis of the world and will caſt 
the hours on the circle. 5 33 neee e 
V. B. As, when the inſtrument is thus recti 
fied, the quadrant and ſemicirele are in theplane 0 
the meridian, fo the circle is then iche plane 0 
the equinoctial. Therefore, th ſun is ab 
the equinoctial in ſummer. (in northern latitude: 
and below it in winter; the auis af the ſemi 
circle will caſt a ſhadow on the hour oi the day 
on the upper ſurface of the circle, from the 20 
of March to the 23d of September : and fro 
the 23d of September, to the 2oth of 
the hour of the day will be determined by 
ſhadow of the ſemicircle, upon the lower ſurtac 
of the circle, In the former caſe, the ſhadow 
the circle falls upon the day of the month, on td 
lower part of the diameter of the ſemicircle 
and in the latter caſe, on the upper part. 
The method af laying down the months anc 
, is as follows. Dre. 
the right line C B, equal to the diameter of tbe 
ſemicircle ADB, and croſs it r 
ight angles with the line EC D, equal in leng 
2 then E C will be the radius of tbe 
circle F CG, which is the ſame us that of the 
ſemicircle. Upon E, as a center, deſcribe in 
circle FCG, on which ſet 28 2 * id 
Ci, each equal to 235 degrees, * 
—.— into that number, for the _ 
| & 


dn. 
over 
uti 
de 
1B 
yt 
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pl 
deſc! 
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divil 
2 
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dution. * > 1: the edge of à ruler. 
wer the center E, and = ſan's decli-. 
aton for every * fifth-day of each month (as in 
& card dial) mark by on the diameter 
13 of the ſemicircle fl prog NE are — 
y the ruler z and tbere place 
ponths accordingly, anfwering the 5 $ Neck 
in. This * ſetting one foot of the com- 

ales in C, did A vn! 
efcribe the ſemicircle 4 b cde fg ; which di 
0 fix equal parts, and through the points of 
iiſion draw right lines, parallel to C D, for the 
eginning of the fines (of which one half are on 
ne ſide — the ſemicircle, and the other half on 
& other ſide) and ſet the characters of the ſigns 
x their proper lines, as in the figure. 

The Meg table ſhews the ſun's place and 
ecination, in and minutes, at the noon 

every day of the ſecond year after leap· year 
mich is a mean between thoſe, of leap- year it- 
lf, and the firſt and r It is 
teful for inſcribing the months and their days 
n ſun-dials; and alſo for finding the latitudes 
f places, according to [op methods in! 
ler the table. f | 


The intermediate PRA Wh be denn in band, 1 
le ſpace be large- — A Ey. thank. * | 
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Tables of the Sun's Place and 2 
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+ 11117 5 238 1 I 
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266 8 35 18 9609 30 7.53 


. able . . 
© January, £ * 


FI 


n 


„ ww — — ow oc» ww — . 


P 


3 | 22 55; 
313 8 22 49 427 
144% 
ER 
616 41] 22 29 
717 12 22 22 
8148 13] 22 1414 
9019 14} 22 5 
o[20. 100 21 606 
1121 17/ 21 4 
12 18 21 37 
13% 190 21 27 
% 2% 2 0 b 7 
[75 25 _21 21 C1877 26 

| 


25 7 22: 36 
d 24] ee e ee 
1727 24 20 43 48 a7 34 
48128 25] 20 30 1 33 

5 11 * 


20} 027] 20 5/20 i. 8 


291] 9 35] 17 53 In theſe Tables N ſig- 
nifies north declina- 


3 
tion, and S ſouth. 8-1 
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Tables of thi d' Place and Declination. 
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Table ſhewiag the tvn's place and dechaatiob. / | | 
Me | ia. 
0 Sun's Pl. Sun's Dee, | Sun's DE: 
5 D. M1 N. 2 1. 5 
110 324 73 30 1 |. _ 4 N36: 
2111 52 7' 712 3 4 39 
% 524 6 44] [13 5 42 
4113 3217 6 214 5" 45 
8 . 
615 521 3 3516 6 31 
71116 51 3 1277 31 6 5 
9% 51 4 48] | 7 1 
918 51 ˙² 4 25] | 9fig 29 7 38 
12.31 2 eh, 8 0 
20 511 3 38 fa 8 22 
21 50 J 14] 12 8 44 
22 50 4 353173 9 6 
23 50] 2 27 14424 9 28 
e 9 49] 
25 49] 1 40 [16 10 11 
26 48] 8s 167 10 32 
27 48) O 55 |48 10 63 
8 48] 0” 29] [19 11 14 
2g 47} © 5f [20 11 34 
0 oNng} e 11 55 
i 46] © 44222 12 15 
2 45] 1 6 [23 12 35 
3 45} 1 29} ja 4 3Þ 12 55 
4.44; 1 53] |25)5 6 13 14 
3 43] 2 17 [26] 6 4| 13 34 
6 42 2 40 % „ 2 13 33 
7 42 3 3] [28] 8 of 14 12 
s 41} 3 2p] 9% 59 14 30 
3. 40} 3 £0] 139] 9 57] 14 49] 
10 4 12 | 1 | 
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Tables of the Sun's Place and Dedlinations 
A Table ſhewing the ſun's place and declination. 


hy . : 1 June) 

-w] un s Dec, Sun's PL. Sun er 
1 

211 

3 

4 

+l: 
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Tables of the S' Plact and Declination. 


ring the ſun's place and declination, 


: 


Auguſt, _ 


„ 


zun's Dec. 


8 — 


. r 
www oaswtyp eg | 
| 


— — — — — 
* 18 17 . 


DV. M. 
18 N 2| 
17 47 
17 32 
T7 10 
17 E 


34 — Tables of the Sun's Place and Denen 


[Table ſhewing the ſun's 1's place ang. jeclinatic on. A 
September. Tr. n. | 4 

8 Sun's Pl. Sun's Dec. | Pl Sun's Dec - 
2 D. eee 
| 1] 8749] 8Ni6| | 1] 8& | e 
219 47 7 ' 55] } ® : 3 : 
310 40] 7 33| | 5 „ ; 

411 44] 7 10| | 4 . 4, 240+ 
5112 42] 6 48} | 5 : + 4. 
613 40 6 26] | 6 5 108 
| 7144 39] 6 3 | 7 5 33M 
8115 37] 5 41 |8 |. $5 

916 35] 5 18] | 9 g 
1017 34 4 55 10 | 10 


1118 32] 4 32] f 7, a 
1219 31] 4 92 1 

13/20 29] 3 46] |13 2. 50 
14421 28] 3 23] 14 12 
15/22 266 3 915 33 
1623 23 2 37 6 8 5 
17124 25} 2 14] 17 9 19 
i8/25 22] 1 50 18 9 4 
19026 21 1 27 19 10 3 
2027 20} 1 4 20 10 24 
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Tables of the S Plus and Declination. 
[7 Table ſhewing the ſun's place and declination,” 


November. + 1 | js December 
S Sun's Pl. [Sun's Dec. 


e 


| Sun's Pl. [Sun's Dec. 


I 
12 17 22 1 


9 48] 14 | 
10 59] 15, 803 18] 22 10 
11 591 15 274/72 19] 22 18 
12 * 02 2— 22 26. 
6-448 | : — — — — 
W e i 
Ir 39} 4 + 231 22 4 

x of 16 569% 24], 22 32 
I 1 


19 1 17; go} jliltg 26} 23 3 
. 29-8 1220 27] 23 | 
21 2 18 231 28þ 23 12 
22 3j 18 1814/22 : 23 15 
2 41-18. 34/23 300 29 18 
4 4 18 79 1160624 31 27 27 
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elevation of the pole above the horizon of 


. Rules for finding 1be Latitude. 8 
| To find the latitude of any place by dbſervation 
| ESTI $096 | 


The latitude of any 


place. Therefore it is plain, that if a ſtar v 
fixt in the pole, there would be nothing re 
quired to find the latitude, but to take the 
titude of that ſtar with a good inſtrument, B 
although there is no ſtar in the pole, yet t 
latitude may be found by taking the greate 
and leaſt altitude of any ſtar that never ſets: fc 
if half the difference between theſe altitudes b 
added to the leaſt altitude, or fubtrafted frot 
the greateſt, the ſum or remainder will be equ: 
to the altitude of the pole at the place of obſe 
vation. 5 > +8. + 
But becauſe the length of the night muſt b 
more than 12 hours, in order to have two ſuc 
obſervations; the ſun's meridian altitude an 
declination are generally made uſe of for findin; 
the latitude, by means of its complement, whic 
is equal to the elevation of the equinoctial abo: 
the horizon; and if this complement be ut 
tracted from go degrees, the remainder will b 
the latitude : concerning which, I think, t 
following rules take in all the various caſes. 
1. If the ſun has north declination, and is 0 
the meridian, and to the ſouth of your place 
ſubtra& the declination from the meridian alt 
tude (taken by a good quadrant) and the 
mainder is the height of the equinoQtial or cor 
plement of the latitude north. | 


EXAM 


\M 


Rutes for fuding'tht Latitude. 


The ſun's meridian altitude 44e 20 South 
1 And his declination, Tube, 15 15 Ne 
Rem. the carplement of the lat, 28 


And the remainder is the latitude 87 55 North, 


2. If the ſun has ſouth declination, and is 
outhward of your. place at noon, add the de- 
clination to the meridian altitude; the ſum, if 
ls than 90 degrees, is the complement of the 
latitude north: but if the ſum exceeds go' de- 
grees, the latitude is ſouth; and if go be taken 
from that ſum, the. remainder will be che la- 
tude, | | hs a, © 


(4 + af TD 4 £309 
EXAMPLES 

The ſun's meridian altitude — 65* 10 South 

The ſun's declination, add — 15 30 South 


Complement of the latitude ' 30 40 
dubtract from — — 90 00 


Remains the latitude— 9 20 North 


The ſun's meridian altitude o 40 South 
The ſun's declination, add — 20 10 South 


The ſum 18 - * — 8 100 50 
from which ſubtract 90 o 


Remains the latitude =» — 10 5o South. 
* O 3. If 


Fo 


mainder is the latitude north. 


Rules fot finding the Lajitudd. 

3. If the ſun has north declination, and is 0 
the meridian north. of yaur. place, add the decli 
nation to the north meridian altitude; the ſum, 
if leſs than 90 degrees, is the complement « 
the latitude fouth : but if the ſum is more than 
9o degrees, ſubtract go from it, and the te- 


EXAMPLES,” 
Sun's meridian altitude — 60% 30 North 


Sun's declination; 'add  — ' 20 16 North 5 
Complement of the latitude - $6 40 the 
Subtract fromm 90 0 the 
[£39 7 — — dan 
Remains the latitude - - 9 40 South bu. 
Sun's meridian-altitude - - 709 20' Noth 
Sun's declination, add - < 23 20 North L 
The ſum is 93 40 ub! 
From which ſubtract - 90. 0- C 
Remains the latitude - - 3 40 North, 3 
ä ) 
4. If the ſun has ſouth declination, and is north 4 
of your place at noon, ſubtract the declination gen 
from the north meridian altitude, and the te- 
mainder is the complement of the latitude - 
ſouth, ſubt 
add 
Sth 


8 EX AM- 


Rules for finding the Latitude. 


EXAMPLE. 


dans meridian"altitude  - - 50 20 North 
Sun's declination, - ſubtraft * - | 


Complement. of the latitude *- 32 20 
Subtract this from GY HY Te #4 0 


And the remabyderis the latitude 37 40 South. 


5. If the fan has no declination, and is ſquth 
« your place at noon, the meridian altitude is 
be complement of the latitude” north: but if 
the ſun be then north of your place, his meri 
3 is the complement "of the latitude 


EXAMPLES. 


ars meridian altitude 38 30 South 


dubtract from n 
Remains the latitude 


Sun's meridian altitude 
dubtract fromm 


Remains the latitude n 


6. If you obſerve the ſun beneath the pole, 
art his declination from 90 degrees. and 


ud the remainder to his een, and the ſuns 


the die "OG 
i | 
EX AM- 


Rules for finding the Lali. 
[ 
EXAMPEE.' 


Sun's declination 209 30% ö 
: Subtract from e — 890 N. oo 4 


mene, 69 
Sun's altitude below the pole — 10 — 


add 


Wich is north or ſouth, according as the ſun 
declination. is north or ſouth: for Mhen the ſur 
has ſouth declination, he is never ſeen beloy 
the north pole; nor is he ever ſeen below the 
ſouth pole, when his declination is nofth./ 

7. F the ſun be in the zenith at noon, and at 
the ſame time has no declination, you are the 
under the equinoctial, and fo have no lat 
tude, on 12 


LCN 
f Dar... 


"TAVING ſhewn in the preceding Lec- 
1 ture how to make ſum dials by the aſſiſt 
ance of a good globe, or of a dialing ſcale, v 
ſhall now proceed to the method of conſtructinę 
dials arithmerically ; which will be more agree. 


able to thoſe who have learnt the elements 
oo | vie 


Of Dialing 

reonometry,' becauſe globes and ſcales) tan 
ver be ſo accurate as the logatithms, in find - 
ig the angular diſtances of the hours. Let, a 
globe may be found exact for ſome 
aber requiſites in dialing, we ſhall take it in 


* 1 


xcafonallys +17 1 ale ads @ | 
The conſtruction of ſun dials on all 
watever, may be included in one general rule? 
nelligible, if that of a horizontal dial for any 
zven latitude, be well underſtood. For — 
0 plane, however — 7% — with re- 
ect to any given place, but what is parallel 
p the orig af ſome other place; and there« 
bre, if we can find that other place by à pro · 
em on the terreſtrial globe, orby'a-trigonome« 
rical calculation, and conſtruct a horizontal dial 
bir it; that dial, applied to the plane where it is 


7 


n erect direct ſouth dial in 5143 degrees north 
kitude, would be a horizontal dial on the ſame 
eridian, go degrees ſouthward of 531 degrees 
th latitude; which falls in with 384 degrees; 
f ſouth latitude. - But if the upright plane de+ 
lines from facing the ſouth at the given place, 
vould ſtill be a horizontal plane go degrees 
dom that place; but for a different longitude: 
ach would alter the reckoning} of the hours 
cordingly. | 2 fab 
CAS E I. 

— 324 | ; V4.4 6 TS 
1. Let us ſuppoſe that an upright plane a 
London Ps ng $ weſtward from 
King the ſouth z and that it is required to find 
place on the globe, to whoſe horizon the ſaid 


une is parallel; and alſo the difference of longi · 
e between London and that place. * 
Rectify 


berve, will bea true dial for that place.— Thus, 


— — ä — id 


| | Of Didlng, "68 5 2 
 Refiify the globe to the latitùde Fonds 
and bring London 10 the zenith/under ‚ 
meridian, then that point of the globes 
in the horizon at the given degtee of deci 
(counted weſtward from the ſouth pounras 
horizon) is the place at which the abba 
tioned plane would be horizonta - π 
find the latitude and longitude of fα² 
keep your eye upon the place; and ms 
globe caftward, until it comes under | 
ated edge of the braſs meridian y” then, oa 
gree of the braſs meridian that u 
over the place, is its latitude; an 
of degrees in the equator, which are mera 
between the meridian of London 
meridian, is the placeꝰs difference o 
Thus, as the latitude of London WER 
grees north, and the declination o We may 
36 degrees weſt; I elevate the H 
degrees above the horizon, and tu 
until London comes to the zenith; or ul 
graduated edge of the meridian; & Ron 
36 degrees on the horizon weſtward ra_ 
ſouth point, and make a mark o {nan 
the globe over /which' the reckoning @na_ 
bringing the mark under the gan edg 
of the braſs meridian, I find it to bunny 
degrees in ſouth latitude : keeping it ti 
in the equator the number of degrees Beney 
the meridian of London and the braſen meant 
(which now becomes the meridian oF the 
place) and find it to be 2% Theo 
upright plane at London, declining 36 
weſtward from the ſouth, would bes 
plane at that place, whoſe latitude is'307 
fourth of the equator, and Jongitude 2 
welt of the meridian of London 


—--c-- 


Of Dialing l 
Which difference of Inngitade being con 
Wed into tinte, is e hours gt mines. . 
he vertical dial declining weſtward 36 de · 
Wes at London, is therefore to be drawn in all 
xs as @ horizontal dial for ſouth latitude 
degrees fave only, that the reckoning of 
& hours is to anticipate the teckening on tho 
Nontal dial, by 2 hours 31 minutes: for ſo 
uch ſooner will the fun come to the meridian 
London, tham to the meridian of any placed 
iſe longitude is 424 degvets weſt from Lon- 
* AVIEEDS®I 311 19. ei JTHTTUTRYA OY IO 
t. But to be more exact than the globe will 
uus, we ſhall uſe a little trigonometri. 

Let VRS b the horizon of London, pie 
boſe. zenith is | 
er and let Z þ be the 
We at Z, declining we from & (che 
ü) by an 36 'degrres; on which 
e an erect dial for Luon at Z is to be 
Efribed, Make the ſemidiameter Z D perpen- 
war to Z and it wyl cu the horn in D, 
P degrees weſt of the ſout S. Then, a plane 
de tangent TI D, touchiag the ſpbere in D. 
Ade parallel to the plane 2 H and the axis t 

ſphere will be equally inclined to both theie 


Lei Q be the equinoctial, whoſe. eleva- 
W above the horizon of E (London) is 38 
pers; and PR D be the meridian of the 
D, cutting the equino@iat in R. Then, 
vevident, that the are R D is the latitude of 
place O (where the plane Z would be hori- 
Mal) and the arc RQ is the difference 'of 
gitude of the planes Z h̊ and D H. 
la the ſpherical triangle / D R, the are #**D 
pen, for it is. the complement of the 7 4 
cli- 


B, and P the north pale of che xx11r, 
ſition of a vertical Fig. 1. 


B57 Of Dialing, 
dec lination from & the ſouth” which comple 
ment is 34 (vin 909 —36®:) the angle ar þ 
in which the the place D cuts 
equator, is a D 8 
— nap — of the equ 
the horizon of Z, namely, | 
therefore, ; of Z, namely, e 

plane's declination from the ſouth; fo is the cc 
fine of the latitude of Z to the ſine of R 
latitude of D: which is of a different denom 
nation from the latitude of Z, becauſe Z and 
are on different ſides Ww the equator, 


en aN © 249 


" Aowtien 210000000 
To co-ſine * O RA 990596 
"0 co-line: —_ 30 2. 9.79415 
—— 
10 ſine Joh e Dita (9.50211) 
the latitude of D, whoſe horizon Fra aan 

| the vertical flau E E . 


NV. B. Mn is we ot, 
may be omitted, and then, by ſubtracting 
mentally from the ſum of tie other two, 
err 1 

t caſe, | 


A 
To the logarithmic ſine of W R 54? o 9.90% 5 
Add the logarithmic ſine of R Det ol 30 9.7940 = 


„Air fam ents 22 - 9.7021 
03 thi the hater ca thens; And we ſha 
keep to this method i the following part d 


| 


© ® The co-ſine of 36 ©, or of N E. 
+ The co-fine of 519 30, or of LZ. 


Of Dialing. 
To find, the difference of longitude, of the 
bees DD and Z, ſay, as radius is to the co- ine 
1387 degrees, the height of the equinoctial at 

[ ſo is the co- tangent of, 36 degrees, the plane's 
eclination, to the co- tangent a the meer 
{longitudes. Thus, er 


To the logarithmic fine of * C 51" 30 749960 
ad the logarithmic tang. 7 54® Le 10. 13374 
| — — 
Their ſum — radius „10.032280 
ithe neareſt tangent of 47 85 V; which 
1 the co-tangent of 42 32 = = R 9, the dif- 
tence of longitude fought. Which difference, 
king reduced to time, is 2 hours 514 minutes. 
. And thus having found the exact latitude 
ud longitude of 2 FOE D, to whoſe horizon 
be vertical plane at Z is parallel, we ſhall pro- 
ed to the conſtrustion of a horizontal dial for 
be place D, w latitude is 30* 14 ſouth; 
ut anticipating the —_ at D — 2 hours 51 
toutes (neglecti e * minute in ice) 
cauſe 6 b 2 > wont in rus, 
de meridian; of TAY and, this will, be a 
Ive —. dial at London, declining weſtward 
degrees 
Albme any right line CS L. for the ſubſtile „ _ 
ie dial, and make the angle KC P equal to 
See of the pigec (viz. 90 14) to whoſe 
kizon the plane of the dial is parallel; then 
KP will — the axis of che ſtile, or edge that 
ut the ſhadow on the hours of the day, in the 
a. This done, draw the contingent line E Q, 
ding the ſubſtilar line at right angles in K 


" The co-ſine of 389. 30 or of WDR, 
Ide co-tangeat of 38, or of DW. 


T Aa and 


$54 


rence of longitude of the places Z and D) fron 


Of Dialing. 
and from K make K & perpendicular to the xi 
CRP. Then KG (=K K) being made radiu 
that is, equal to the chord of 60 or tangent « 
45% on a good ſector, take 42 527 (the diffe 


the tangents, and having, ſer it from : oy 
draw C M for the hour-line of XII, T 

equal to the tangent of an angle leſs by 1 
degrees than X M; that is, the 27 62 
and through the point N draw C N for the hour 
line of I. The tangent of 12 3 (which! 
15* leſs than 27* 62) ſet off the fame way, vi 
give a point between K and N, through whic 
the hour-line of II is to be drawn, The tan 
gent of 2* 8 (the difference between 45 and 
42* 52') placed on the other fide of C L, vi 


determine the point through which the hour- lin e 
of III is to be drawn: to which 278, if tb ad 
tangent of 15* be added, it will make 178 
and this ſer off from K towards Q on the lin n 
E 9, will give the point for the hour - line oi 
IIII: and ſo of the reſt.— The forenoon hour le 
lines are drawn the fame way, by the continuz 
addition of the tangents 15, 30% 45*, &c 
to 42* 52 (=the tangent of K M) for the hour 
of XI, X, IX, &c. as far as neceſſary that 
until there be five hours on each ſide of tb 
ſubſtile. The ſixth hour, accounted from tha but 
hour or part of the hour on which the ſubſtiq vo: 
falls, will be always in a line perpendicular (Qi 
the ſubſtile, and drawn through the center C. Wit 
4. In all ere& dials, C M, the hour-hne de 
XII, is perpendicular to the horizon of ?. 
place for which the dial is to ſerve: for thai b. 
line is the interſection of a vertical plane wil: 
the plane of the meridian of the place, bot. 
which are perpendicular to the plane of t 


horizon 


Of Dialiag. 355 
prizon : and any line H O, or Bo, perpendi- 
war to CM, will be a horizontal line on the 
of the dial, along which line the hours 
my be numbered; and C M being ſer perpen- 
icular to the horizon, the dial will have its true 

tion. a of b 
pe If the plane of the dial had declined by art 
qual angle toward the eaft, its deſcription would 
me differed only in this, that the hour-line of 
Ill would have fallen on the other ſide of the 
bbſtile CL, and the line HO would have a 
kbcontrary poſition to what it has in this 


re, DIN 10, 
0 And theſe two dials, with the upper points 
f their ſtiles turned toward the north pole, will 
tre for the other two parallel to them ; 
tie one declining from the north toward the 
alt, and the other from the north toward the 
Kt, by the ſame quantity of angle. The like 
tolds true of all dials in general, whatever be 
Weir declination and obliquity of their planes to 
lie horizon, | 


CASE 11 
7. If the plane of the dial not only declines, pig. 3. 

but alſo rec/ines, or inclines. Suppoſe its declina- 
wn from fronting the ſouth & be equal to the arc 
iD on the horizon; and its reclination be 
qual to the arc Dd of the vertical circle DZ: 
ben it is plain, that if the quadrant of altitude 
{dD, on the globe, cuts the point D in the 
brizon, and the reclination is counted upon the 
Judrant from D to d; the interſection of the 
var. circle P R d, with the equinoctial NE, 


nll determine R d, the latitude of che place 4, 
A a 2 whoſe 


' 
[ 
| 
[ 
| 
; 
| 
1 
{ 


— 


Fig. 4. 


DVVa is found, and fo is the h uſe N 


which the dial for the place d was deſcribec 
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whoſe horizon is parallel to the given Zh 
Z; and #2 wil beth aner bg : 
of the planes at 4 and Z. 
Trigonometrically thus: let 4 WOW 
paſs through the three points V, dj EI and 
the triangle * D d, rig v angled at D, the ſid 
D and Dd are given; and thence the ang 


Again, the difference, or the fum; of DW 
and DW R, the elevation of the equinodi 
above the horizon of Z, gives the angle 4W R 
and the hypothenuſe of the triangle R d w: 
juſt now found; whence the ſides R d and #/ 
are found, the former being the latitude of t 
place 4, and the latter the complement of R 9 
the difference of longitude ſougt. 

Thus, if the latitude of the place E be 52* 1 
north; the declination S D of the plane Z 
Ferbich would be horizontal at d) be 36*, a 
the reclination be 155, or to the arc D. 
the fouth latitude of the place d, that is, t 
arc Rd, will be 15* 9; and R, the diff 
rence of the longitude, 36* 2. From the 
data, therefore, ler the dial (Fig, 4.) be de 
ſcribed, as in the former example. 

8. Only i it is to be obſerved, that in the 10 
clining or inclining dials, the horizontal I 
vill 6s not ſtand at lake ag to the — 
XII, as in erect . but its Poſition ny ' 
found as follows. 

To the common ſubſtilar line CXT, « 


draw the dial Cr p m 12 for the place D., who 
declination is the ſame as that of d (viz. the 2 
SD;) and HO, perpendicular to C, the hou 
line of XII on this dial wilt be a horitorital n 
on the dial CPRM XII. For the decling 
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{both dials being the ſame, the horizontal line 
mains parallel to itſelf, while the erect poſition 
{one dial is reclined or inclined with reſpect to 
te poſition of the other. 3+ 1 | | 

Or, the poſition of the dial may be found by 
plying it to its plane, ſo as to mark the true 
wr of the day by the ſun, as ſhewn by another 
kl; or by a clock, regulated by a true meri- 
jan line and equation table. 

. There are ſeveral, other things requiſite in 
te practice of dialing z the chief of which I 
ll give in the form of arithmetical rules, 
mple and eaſy to thoſe who have learnt the ele- 
rents of trigonometry. For in practical arts of 
is kind, arithmetick ſhould be uſed as far as 
an go; and ſcales never truſted to, except in 
x inal conſtruction, where they are abſolutely 
reſſary in laying down the calculated hour- 
tinces on the plane of the dial. And al- 
bough the inimitable artiſts of this metropolis 
we no occaſion for ſuch inſtructions, yet they 
ty be of ſome uſe to ſtudents, and to private 
rncemen who amuſe themſelves this way. 


RULE 1. | 
h fnd the angles which, the hour-lines on any dial 
make with the ſubſtile, 


To the logarithmic. ſine of the given latitude, 
of the ſtile's elevation above the plane af the 
ul, add the logarithmic tangent of the hour 
liltance from the meridian, or from the 


* That is, of 15, 30 45, 60, 752, for the hours of I, 
i, Ui, V in the afternoon: and XI, X, IX, VIII. 


l. is the fotenoon. 
443 ſub- 


357 


Of Dialing. 
+ ſubſtile; and the fum minus radius will be (i i: 
logarithmic tangent of the angle ſought, - nt 
For, in Fig. 2. KC1s to KM in the rai 
compounded of the ratio of X C to KG (=k M6; 
and of KG to XM; which, making CX 
radius io, ooo, or 10,0000, or 10, or 2 


are the ratio of io, ooocoo, or of 10,0000, 
of 10, or of 1, to KG XM. 

Thus, in a horizontal dial, for: lum 
51* 30, to find the angular diſtance of XI 
the forenoon, or- T4 in the afternden,: from Xll 


To the an ſine of 51 30 W 
Add the logarithmic wing, of 157 0 2 


| The ſum — radius is fn = 99g 
the logarithmic tangent of 115 50, or 
angle which the hour: line of Xl or K n 
with the hour of XII. 


And by computing in this manner, ah 
fine of the latitude, and the of 
45, 60, and 75*, for the hours of II, III, II 
and V in the afrerncon ; or of * IX. VI 
and VII in the forenoon; you will find t 
angular diſtances from XII to be 24* 18), 38" 

3* 35, and 71 6; which are all that the 
7 occaſion to compute for ——And' — 4 
ſtances may be ſer off from XII by a line 
chords; or rather, by taking 1000 from a ſc 
of equal parts, and ſetting that extent as 4 
dius from C to XII; and then, raking! 209 


+ In all horizontal dials, and erect north or ſouth di 
the ſubitile and meridian are the ſame: but in all dechn 
dials, the ſubtlile line makes an angle with the meridian. 

t In which caſe, the radius C & is — P» be dime 
znto 10000CO equal * | 


be ame parts (which, in the tables, are the 
atural tangent of 11* 500) and ſetting them 


perpendicular to C XII : and ſo for the reſt of 
he hour-lines which, in the table of natural 
mgents, againſt the above diſtances, are 451, 
#2, 1355, and 2920, of ſuch equal parts from 
(II, as the radius C XII contains 1000. And 
Aly, ſet off 1237 (the natural tangent of 51* 
v) for the angle of the ſtile's height, which is 
dual to the latitude of the place. 

The reaſon why I prefer the uſe of the tabular 
umbers, and of a ſcale decimally divided, to 
tat of the line of chords, is becauſe there is 
he leaſt chance of miſtake and error in this way; 
nd likewiſe, becauſe in ſome caſes it gives us 
te advantage of a nonins' diviſion, = 

I the univerſal ring-dial, for inſtance, the 
biions on the axis are the tangents of the 
ages of the ſun's declination placed on either 


; le of the center. But inſtead of laying them 
of en from a line of tangents, I would make a 
„Ii ee of equal parts, whereof 1000 ſhould an- 
vi r exactly to the length of the ſemi- axis, from 


ke center to the inſide of the equinoctial ring; 
nd then lay down 434 of theſe parts toward 
ach end from the center, which would limit all 
le diviſions on the axis, becauſe 434 are the 
wural tangent of 23* 29. And thus, by a 
ms affixed to the fliding piece, and faking 
ie ſun's declination from an Ephemeris, an 
ie tangent of that declination from the table of 
rural tangents, the ſlider might be always ſet 
ve to within two minutes of a degree. © 
And this ſcale of 434 Equal parts might- he 
uced right againſt the 2 34 degrees of the ſunis 
clination, on the axis, inſtead of the ſun's 
| Aa 4 place, 


um XII to XI and to I, on the line 5e, which Fig. 2. 
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Fig. 3. 


or the difference, of d R, and the quadrant P 
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place, which is there of very little 
then, the ſlider mi ght be ſex in the uſual wa 
to the day of the en for common uſe; b 
to the natural tangent of the declination, whe 
great accuracy is required, 

The like may be done wherever a ſcale 
ſines or tangents is required on » op inſtrument, 


RULE II. 


0 be latitude of the place, the ſun's declination, « 
his hour-diſtance from the meridian, given 
to find (1.) his altitude; (2.) his azimuth, 


1. Let be the ſyn's lens d R, his dec 
nation; and in the triangle P Z d, Pd the ſuc 


being given by the ſuppoſition, as alſo the cc 
plement of the latitude PZ, and the ang 
4 PZ, which meaſures the horary diſtance of 
from the meridian; we ſhall (by Caſe 4. « 


Keill's Oblique ſpheric Trigonometry 4 nd © * 
baſe Z d, which is the ſun's diſtance” f * 
zenith, or the com plement of his altity 1b. 
And (2.) As ſine 24 ſine PA:: finedP * 
d P, or of its ſupplement DZ 5, the azim 4M. 
diſtance from the ſouth, ſhe! 
Or, the practical rule may be as follows, 
Write A for the ſine of the ſun's altitude, 
and / for the ſine and co- ſine of the latitude, T 
and d for the fine and co-ſine of the ſun's der 
elination, and # for the fine of the horary dy 
ſtance from VI. L 
Then the relation of N to A will have t 
varieties. tore 
5 | 1. Wiki, 
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. When the declination: is toward the ele» 
med pole, and the hour of the day is between 
Ill and VI; it i 4 LDT Hd, and 


a. When the hour is after VI, * ASLD 


Id, and H= N 


3. When the declination is toward the de- 
meſſed pole, we have 4 = HId— LD, 0 
24. 

[= T7 | 

Which theorems will be found uſeful, and 
apeditious eno ugh for ſolving thoſe problems 
0 geography and dialing, which depend on the 
rlaion of the ſun's altitude to * Kl 


lay. 


EXAMPLE I. 


Suppoſe the latitude of the place to be 51 
egrees north; the time five hours diſtant from 
Il, that is, an hour after VI in the morning, 
before VI in the evening; and the ſun's de- 
ination 20 north. Required the ſun's altitude ? 


then, to log. L S log. fin. G4? 30 1.8935 
add log, D = log. ſin. 20" 0. 722 
Their ſum ag — — Vi Sad 709 


pres LD = logarithm & 0. in 
utural lines. 267664, 


by 


Here we confider 4 relies a „ and got 
0.00000, by which, inſtead of the inden g we he „as 
dove: whi is of no farther uſe, than making the work a 


eaſter, 


And, 
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And, to log. H 2 log. fin. + 1890 0 1.4130 
00 log. 1 = log. fin. F 38% O 1.7941 
* 5 log. 4 = log. ſin. #170, 0 1.9730 


-- Their fom -  -, = 


- - » 1.1801 

gives 14 = logarithm of 0.151408, in R 
natural fines. 34 : be! 
And theſe two numbers (0.267664 . 
0.151408) make. 0.419072 = A; which, ii; hc 

the table, is the neareſt natural fine of 24* . 
the ſun's altitude fought. 12 0 
The ſame hour- diſtance being aſſumed ont P 
other ſide of VI, then L D— Hd is 0.116208 {]; 
the ſine of 6* 40 ½; which is the ſun's altitud 0 
at Vin the morning, or VII in the evening. 
when his north declination is 20. oe. 
But when the declination is 207 fouth (oer 
towards the depreſſed pole) the difference 18 
HI4— LD becomes negative, and thereb 4: 
ſhews that, an hour before VI in the morning te 
or paſt VI in the evening, the ſun's center N veſf 
6? 40% below the horizon. 2616 4 ifter 
M3.TUGTC ESO ont « TW 143 wills 
10 e as | OT & * nd 
X AMPLE UH. bi 
Mi SD PH. of 3 | A | end ( 
In the ſame latitude and north declination vr a 
from the given altitude to find the hour.. N 
Let the altitude be 48*; and becauſe, in thiſ is 
caſe, E , and A (the natural fine of | 
48*) . 743143, and LD = 267664, Lu! 
mA tf] | e Utitu 


b; The diſtance of one hour from VI. 
1 The co-latitude of the place. Loa 
The co-declination of the ſun, 
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il be 0.475481; whoſe logarithinic- * Ed 


une is » > = 16173 t 
for which taking che logarithmic | * 


line of Ixd'= EN AY 1.7671354 
Remains — 1. 90g. 7 
be logarithmic fine of he hour-diſtance 
m. of 54% 22'4 which, 3 


| hours 974 min. that is, IX h. 374. min. in 
de forenoon, or II h. 224 m. in _ 


won. 
Put the altitude = 18%, whos natural line | 
$.3090170z and thence A—LD will be 
049 1953; which divided by /Xd, gives 
#517179, the ſine of 4* 64, in time — — 
utes nearly, before VI in the morning, or 
ter VI in the evening, when the ſun's altitude 
5185. 

And, if the declination 20* had been towards 
be ſouth pole, the ſun would have been de- 
preſſed 18* below the horizon at 16+ minutes 
nter VI in the evening; at which time, the 
might would end; which happens about the 
2d of November, and 19th of January, in the 
ktitude of 31 4 north. The ſame way may the 
nd of twilight, or beginning of dawn, be found 
or any time of the year 

NOTE x. If in theorem 2 and —ů 
{is put = o, and the value of H is computed, 
e have the hour of ſun. riſing and ſetting for 
ny latitude, and time of the year. And if ve 
put H o, and compute 4, we have the ſun's 
ititude or depreſſion at the hour of VI. And 
ally, if H. A and D are given, the latitude 
tay be found by the — of a n | 
Nuation; eee Pay 21 


NOTE 
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NOTE 2. When 4 is equal o, Ii is equ 
= TLXTD, the tangent of the Jaticud( 
multiplied by.the tangent of the declination. 
As, if it was required, what is the great 
length of day in latitude 81 30 æ T 
To the log. tangent of 51*. 304:00993948 
Add the log. tangent of 23* 29% 16379563 


. o 


the log. ſine of the hour-diſtance 33* 7-1 
time 2 h. 124 m. The longeſt day 1 
12 h. +4 h. 25 m. = 16 h. 25: m. + And 
the ſhorteſt day is 12 h. — 4 h. 25 m. 25h 
35 m. 8 : ＋ 

And if the longeſt day is given, the latitude 
of the place is found; 75 being equal to TL 


Thus, if the longeſt day is 134 hours 2 x ( 

h. + 45 m. and 45 minutes in time being equ: 

to 11% degrees. aa 
From the log. ſine of 11 15˙ 1.2902357 
Take the log. tang. of 23* 29 1.6379562 


+ Their ſum = = > 173935141 


— IR — oo. 


Remains '- | - -. - '-' = 1;6522795 
= the logarithmic tangent of lat. 24* 11”. 
And the ſame way, the latitudes, where the 
ſeveral geographical climates and in, 
may be found; and the latitudes of tha 
are aſſigned in authors from the length of thei 
days, may be examined and correcled. 
NOTE z. The ſame rule for finding t 
longeſt day in a given latitude, diſtinguiſhes the 
hour-lines that are neceſſary to be drawn on any 
dial from thoſe which would be ſuperfluous. 
In lat. 52* 10 the longeſt day is 16h. 32 m. 
and the hour-lines are to be marked from 44 m. 


after 
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fier III in the morning, to 16 m. after VIII in 
te even - | 13 odds Mi: 

ln the ſame latitude, let the dial of Art. 7. 
fe. 4- be propoſed ; and the elevation of ws 
tle (or the latitude of the place 4, whoſe hori- 
xn is parallel to the plane of the dial) bei 
tz. 9'; the longeſt day at &, that is, the 
inc that the ſun can illuminate the plane of the 
— a, will (by the rule H=TLxTD) be 
i ce 6 hours 27 minutes 2 12 h. 54 m. The 
3 infMliference of longitude of the planes d and Z 
re i found in the ſame example to be 36“ 2; 

Andi: time, 2 hours 24 minutes; and the delcina- 

wn of the plane was from the fourth towards the 

ſt, Adding therefore 2 h. 24 m. to 5 h. 

tude m. the earlieſt ſun-riſing on a horizontal dial 

114 the ſum 7 h. 57 m. ſhews that the morn- Fig. 3. 

zz hours, or the parallel dial at Z, ought to 
| 
| 
, 


egin at 3 min. before VIII. And to the lateſt 
n-tting at d, which is 6 h. 27 m. adding the 
me 2 h. 24 m. the ſum 8 b. 31 m. exceeding 
. 16 m. che lateſt ſun - ſetting at Z, by 35 m. 


2 eus that none of the afternoon hour- lines are 
—erguous. And the 4 h. 13 m. from III. h. 
% n. the fun-rifing at Z to VII h. 57 m. the 
n. ring at d, belong to the other face of the 
the l; that is, to a dial declining 36 from north 
in, czlt, and inclining 13“. b 5 
tha 92 
thei 


EK AMPLE II. 
| wel om the ſame data to find the ſun's azimuth. _ . | 


If E, L and D are given, then (by Art. 2. 
2 m. f Rule II.) from # having found the altitude 
dits complement Z d; and the are Pd (the 

diſtance 


Of Dialng. 
diſtance from the pole) being given ſay, 
the co- ſine of the altitude is to the fine of ch. 
diſtance from the pole, ſo is the ſine uf the hour 
diſtance from the meridian to the ſine of the 
azimuth-diftance from the meridians r 


Let the latitude be 31 30 north, the decli 
ation 15* 9 ſouth, and the time H h. 24 m. it 
the afternoon, when the ſun begins to illumi 
nate a vertical wall, and it is required to find 
the poſition of the wall. nn 
Then, by the foregoing theorems, the com 
plement of the altitude will be 817 324, and 
Pd the diſtance from the pole being 1097 5 
and the horary diſtance from the meridian, 
the angle dP Z, 36“. 12: eee 5 
To log. ſin. 74 51 +». - 1:98464 " 
Add log. ſin. 366 0 1.76922 


And from the fum - 1.78386 
Take the log. fin. 81 324 1.99925 
Remains 1.756861 = boy 
tin. 35*, the azimuth diſtance ſouth; --— © , 
When the altitude is given, find from thenc: 
the hour, and proceed as above. 
This praxis is of ſingular uſe on many oc 
caſions; in finding the declination of vertica 
planes more exactly than in the common way 
eſpecially if the tranſits of the ſun's center 1s ot 
ſerved by applying a ruler with ſights, eitbe 
plain or Hopi, to the wall or plane, whok 
declination is required. In dtawing a meridug 
line, and finding the magnerie variation. —l 
finding the bearings of places in terreſtrial ſur 
veys; the tranſits of the ſun over any place, 0 
his horizontal diſtance from it being oblervec 
together with the altitude and — 0 
n Y _— Rad AC 


Of Dialing. 
-nce determining ſmall differences of longi- 
e. -In obſerving the variation at ſea, & c. 
The learned Mr. Andrew Reid invented an 
afrument ſeveral years ago, for finding the 
rude at ſea from two altitudes of the ſun, ob- 
ned on the ſame day, and the interval of the 
ervations, meaſured by a common watch. 
ud this inſtrument, whole only fault was that 
is being ſomewhat expenſive, was made by 
lr. Jackſon, Tables have been lately computed 
r that purpoſe, ets + 5 2 4 
But we may often, from the foregoing, rules, 
wolve the ſame problem without much trouble; 
hecially if we ſuppoſe the maſter. of the ſhip to 
Low within 2 or 3 degrees what his latitude is. 


Alſume the two neareſt , probable limits of the 


kitude, and by the theorem a= — com- 


ur the hours of obſervation for both ſuppo- 
ons. If one interval of thoſe computed 
hours coincides with the interval obſerved, the 
veſtion is ſolved, If not, the two diſtances of 
ke intervals computed, from the true interval 
ll give a proportional part to be added ta, jor 

drracted fgom, one of the laticudes afſumed, 

Ind if more exactneſs is required, the operation 
Ap repeated with the latitude already 
ö n . | 


but whichever way the queſtion is. ſolved, 4 
per allowance is to be made for the difference 
L latitude ariſing from the ſhip's, courſe in the 
te between the two obſervations.  — 
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Fig. 3. 


of the gnomon being Nloped u an;e 


07 bunt 


of the double” be 40. we PAS E AM 


nd Italian Salt, aut m0: * of UW] * 


e che ROPE) projeftidn, ther 


added a ſtereographic pio 
circles, and the oh, rh Keg 


on the ſame horizontal plang;. * 


ing perpendicularly over the center, 
jection: ſo that the dial, being 7 55 9 


the ſhadow of that e ar. 
5 


eat circle paſſ 2 the 
ah a 


The months benz duly marked d 
ſun's declination, and the lengt 
time, are had by inſpection 2 
by means of a ſcale of tavgents;) ; 
property is, that it may be placed 


th fun ſhines, without — mg een te 
ſfrunyent. nommpteb wn the 
Let d be the ſun” 8 place in « the b 


rojeftion, x dy z the rallel, 
1 2 ZA a vertical 1 
center, Pd the N 

that the diameter NS“ * 
vip duly po rth and ſonth 5 — 8 
in pats N h the po 1 7 a 

e dial its Fa 56h we 

promon 9 9 70 the, ſun, 9A) 
Teen 


| TY 


80 plane, until 
onic projection conch 13 
by the hour- circle P d. whic 47755 = 
interſection of the Waden 2 the circle c 
the ſun's reſent Seng. oh Ae la p2 5 
The 'Babylonjan_ and Laß ele reckon 


heurs, not fro the ed, as withS,, 75 
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pur; two hours before ſun-ſet, the 22d hour; 
i ſo of the reſt. And the ſhadow that marks 
xm on the hour-lines, is Th of the point of a 
je. This occafions a perpetual variation be- 
their dials and clocks, which they maſt 
mect from time to time, before it ariſes to any 
üble quantity, by ſerting their clocks ſo much 
iter or ſlower. And in Tah, they begin their 
y, and regulate their clocks, not from ſun-ſct, 
tfrom about mid - twilight, when the Ave Maria 
id; which corrects the difference that would 
wiſe be between the clock and the dial. 
The improvements which have been made in 
| forts of inftruments and machines for meaſur- 
time, have rendered ſuch dials of little 
count, Yet, as the theory of them is inge - 
ous, and they are really, in ſome reſpects, the 
t contrived of any for vulgar uſe, a general idea 
their deſcription may not be unacceptable. . 
Let Fig. 5. repreſent an erect direct ſouth 
ul, on which a Babylonian dial is to be drawn, 
evng the hours from ſun-riling; the latitude 
the placegggvhoſe horizon is parallel to the 
al, being equal to the angle K CR. Make, 
for a common dial K GK R (which is per- 
adicular to C R) the radius of the equinoctial 
£9, and draw RS ndicular to CX for 
© ſtile of the dial; the ſhadow of whoſe point 
to mark—rhe hours,” when S R is ſet upright 
the plane of the dial. e 
Then it is evident, that in the contingent line 
£9, the ſpaces K U, K2, K 3, &c. being 
Len equal to the tangents of the hour-diſtances 
m the meridian, to the radius X G, one, two, 
we, &c, hours after ſun-rifing, on the equi- 
tial day; the ſhadow of the point R will be 
B b found 


zh th 
cle 
»9 (12 


p, bu 
fro 


um the ſun's and ſetting. 8 Thus, in Plate 
1 an hour before ſun-ſer is reckoned the 23d XII.. 
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5 3 2 will be in a great cirele ſtil}; 


| the ſun is in the 


but what are neceſſary ; which "may" 


l live, 50 _ three n are univ 


Of Dialing. | 
found, at theſe ien, reſpedively" ia the po 


3, 2, 3s &c, en 
Draw, for the like — after ſun - rilag, 
| rropic of Capriegtn'W'#, 
like common lines CD, CE, CNG ö 
theſe hours the ſhadow of the point M will 
n reſpectively. Find che fu 
udes above the plane of the di 
hours, and with their co- 34, $1, 
&c. to radius 8 R, deſcribe-arcy/Imeritfting 
hour- lines in the points d, e, f, b£c.1 e [hall 
right lines 1 4, 2 4, 3% dec, be/the line, 
In, &c. hours after ſun· riſing zg. 
The conſtruction is the fame ing | 
caſe, due-regard being had 'to-rhev-difſweace 
longitude of the place at which the diallwor 
be horizontal, and the place for Riu 8 i 
ſerve. And like wiſe, taking — 
partly by the rules already given for determ 
— the time that the ſun ſnines on — 
artly from this, that on the t al 
y rbola deſcribed by the 
point *R, inte the extent of all 4 ne: 
The moſt uſeful however, ee 23 ; 
ſimpleſt of fuck dialt, is that which/is' Galen 
on the two ſides of a meridian J 
That the Babylonian and Halit hours ate 
enough marked by right lines, is eably i 
Mark the three points on a where t 
horizon cuts the equinoctial, and the two trop 
toward the caſt, or weſt ; and turn the globe 
its axis 295, or 1 hour and it is plaäaf tt 
three points which were in a great elrce 


=» = 23 > © ww S 


— —- 
* 

Land 

A— 


BESS 


projected geometrically into a fl 
** 


Of Dialing. 


fore — on the equinoctial and ſolſſitial 
u The. like is true of all other circles of 
— the tropics ; and therefore, 
hours on ſuch dials are truly marked by 
iht lines limited by the projectians of 
ropics ; and which. are rightiy Wr. in 
| toregoing ite 57 

Nite 1. The ſame dials may hs: ä 
bout the hour - lines C Dy OE, CK. &c. by 
22 ſun's aximuths on the plane of the 
i, from the center S, on either (ide of the ſub- 
cs K, and the co-tangrats of 
tude fromthe: fame. center &, for I, II, III. 
: hours before or after the ſun is in the horizon 
be place for which the dial is to ſerve, on the 
ottial and ſolſtitial days. 

1. One of theſe dials has its name from the 
us being reckoned from ſun · riſing, the be- 
ming of the Babylowan day. But we ate not 
nce io ĩmagine that the equal hours, which it 


deſe, 
e.the 
of the natural Io: : 


k county marked their obſervations. 
know with certainty, were unequal, 
1, as bei twelfth parts 
pan f lo ſho 

. part of the night; longer: or-thorter,, 
ding to the ſeaſon of the year; i $0 thatian 
| io Onda ade hour af the ni vight,ye che 
ie place, would always make I 
noctial hours. In Halen, 
ns, and in ſeveral other countries, 2 of theſc 


. 


— 110 pa vigilia or mich. 
4 the reduction | 
wing cc anocher, 8 — dr 


Ke, it is found, by a 
u latitude, at a gen ine ih yur, he 
B bz length 


\ places, one hour after ſun-ſet (or one hour 


s, were thoſe in which the aſtranamers of, 


the night was, in like manner, a 


$71 
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Of Df. 
length of a day is 14 equi tulnodtialebels,' 
unequal hour is then 74 or of an (hour; th 
is, 70 minutes; and the n 
minutes. The firſt watch' beginz at VII. 
ſet); the ſecond: at three times 30 mintitet tf 
viz. IX h. 30 m. the third always at 
the morning watch at + hour paſt H 

If it were required to draw a dial for ſhewir 
theſe unequal hours, or 12th parts of the: d 
we muſt take as many declinations df Ine dün 
are thought neceſſary, from the equator d 
each tropic : and having compored-"ehs ſun 
altitude and azimuth for n e 4th pits, bt 
of each of the diurnal arcs belonging td dhe de 
clinations aſſumed: by theſe, the ſæ el 50 
in the circles of d ation, where the t 
of the ſtile's point falls, at — 
curve lines drawn through the polnté of 
— u $9 the hour fies te 


quired. rob, 8 WB 14 
ky 4 or 4 adre\ Ts " b 
* 


Of the ny Hacks o FEY and burn „ | f 
meridian Ane es th e of clocks « 5 0 
wache. 1290 — te f 
\ The lae 9 on which ihe hn che di 815 reſt; be) Ty 

duly | ng netefliry 10 
x 1 0 N nap eye the 2 


A 

ö d then the 

the —— at your laue. 

If 5 o * 
alti 


dial, and: 


you 2 
© ul UM 4 


nei in nate c Meridian 8 


EU, very. g epiens for thi 
7 ou may the angle b tween c 
2 a0 e 

hich apgle, f ing the 
. LF 1 ad be „ "This is 


A he nearer Ap ſua is 


en a 


lere * Di þ © 1 
1 ho ore Fa: ww ite of the 


ame day z ogg time between 7 and 
1. ame ay, be other 1 2 
nd 5 in the afternoon; noting the moments of 
bel tuo abſervations by a clock, or watch : and 
{the watch thews, the bf er vations to. be at 
equal, Ae, from Ae it agrees exactly 
uch the, f Ws if he th e. watch 1 2 be cor - 
ried by half l rence of hs 8 and 
ſternoon 1 ad chen the dial may | be 
true by the RS | 
Thus, for example, ſuppoſe you have taken 
be ſun's altitude when it was 20 minutes paſt 
Vll in the morning by the watch; and found, 
by obſerving in the afternoon, thar the ſun had 
te ſame altitude 10 minutes before ITT; then 
Lis plain, t at was minutes too 
ll br the un : fr mls ket 0 | is the 
wgdle. pro between 20 . in the 
— and III b. 60 m. in 15 afterndon 3 ; and 


1 7 o, make EO: witch a agree wi ich the ſun, 
t muſt 


rd fer i 5 innces. — 

Meri e ring or A meri- 
Fare be 2 if 

2 agp 0 1 Fo an 


diameter, in n fl 1 2 fix 
Roar 6 Ls | wat od YA In ſuch a 
manner, 

"4 


ih we. 4e fine 
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nearly as you can guels : for then, the plate wil 


How to make a Meridian Lines: = 
manner, that it may, recline from the zenith 
an angle equal to the co- latitude gf your place, ; 


face the ſun directly at noon on the 'equinoRi; 
days. Let the fun ſhine freely through the hol 
into the room; and hang a plumb-line to th 
ceiling of the room, at leaſt fave or ſix feet fron 
the window, in ſuch a place as that the {un' 
rays, tranſmitted through the hole, may f: 
upon the line when it is noon. by the clock 
and having marked the ſaid place on dhe ceiling 
take away the line. 4 I fit 
Having adjuſled a fliding bar to g dove · u 
groove, in a piece of wood about 18 inches long 
and fixed a hook into the middle of the bargnailth 
wood to the above-mentioned place an the cei 
ing, parallel to the fide of the rom ii which the 
window is: the groove and bar being toward 
the floor. Then, hang the plumbrline, upot 
the hook in the bar,” the weight or plum 
reaching almoſt to the floor; and the.-whak 
will be prepared for farther. and proper; adjult 
ment. | 3 
This done, find the true ſolar time by eithe 
of the two laſt methods, and thereby regulate 
your clock. Then, at the moment of next noo 
by the clock, when the ſun ſhines, woe the 
ſiding; bar in the groove until the ſhadow bf th 
plumb-line biſe&s che image of the ſun (made 
by his rays tranſmitted through the hole)” on the 
floor, wall, or on a white ſcieen placed on e 
north ſide of the line; the plummet or weigh 
at the end bf the line Hanging freely In & falle 
water placed below it on the floor, But becauk 
this may not be quite correct for the ſiiſt time. o 
account that tbe plummet will not ſetile imme 
diate iy, even in water; r may * 
; 4 1 5 e 1 q 
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The Calculation of mean New and Full Moons. 


ted on the following days, by the above 
ethod, with the ſun and clock; and ſo brought 
a very great exactneſs. 

V. . The rays cranſmitted through the bole, 
il caſt but a faint' image of the ſun, even on a 


tat no ſun-ſhine may be allowed to enter, but 
chat comes through the ſmall hole in the plate. 
ud always, for ſome time before the obſervation 
;made, the plummet ought to be immerſed in a 
ir of water, where it may hang frezlyz by 
ich means the line will ſoon — ſteady, 
mich otherwiſe would be apt to continue 
wnging, * 
As this meridian line will not only be fuffi- 
cent for regulating of clocks and watches to the 
me time by equation tables, but alſo for molt 
ſtronomical purpoſes, I ſhall ſay nothing of the 
monificent and expenſive meridian * at 
luna and Rome, nor of the bettet methods by 
vbich aſtronomers obſerve preciſely the tranſits 
che W bodies on the e 


LECT. xt. 


brwing bow to calculate the wean time de 
o fill moon, or ecli from the,creatian of tht 
world to andy.) CHRIST 3800. 


IN the following CoH the mean en js 
about a SOS pare of a ſecond of time langer 
an its mcaſure as now printed in the third 


kreace of an hour and 30 minutes in 8000 
fears—Bur this is 2 r 
dean times are 


mite ſcreen, unlels the room be ſo darkened 


dition of my Aſtronomy 3 makes a dif- 


8 b 4 "7; 'PRE- 
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The Colewlation of mean New and ns 


TY 25 * at Þ 19. + 913 RAE 1 17.5 E 45 LI 


PRECEPTS 


ML Tat) 


7 Tl 

rr mar 
me 2 iis 
Erd. re as ic 

A Wh T 
7. If the given year be "__ 1 the” Hi . 
columtof the Table 'of te moon's med mation r 
the ſun, under the title Years Net 's and of (Wl _-- 
CHRIST; write out that yea, With the we | 
motions belonging to it, and thereto | q 
given month with its mean 1 1 2 He 
the given year be not in the ba take bur rt 0 
next leſſer one to it tharyou fd, in the” 170 
gt K 

ee . 

Es 1 | 2; 255 Von n en 
2. Colle theſe et motions into be im uf 


ſigns, degrees, minutes, and ſeconds); rene 
bering, that 60 ſeconds () make a minute, < 
minutes Ja degree, 30 degrees (*) a an 
12 ſigns () a — When the * 
12, or 24, or 36 (which are whole des 
them, and ſer down only the remainder; whi 
together with the odd degrees, minutes, an- 
ſeconds already ſer down, muſt be reckoned ti 
whole ſum. of the collection. 


3. Subtraft the reſult, or 40 of this collec 
tion, from 12 ſigns; and write down the remain 
der. Then, look in the table, under Days, ſo 
* next leſs mean motions to this remainder 


vo, Le Calculation of mean New and Full Moms. 
pl ſobiraſh thee! froth th ning down their 
„inder... mY 


This done, look in the table under hours 
marked H.) fo the next leſs mean motions to 
tis laſt remainder, and ſubtract them from it, 
ming down their remainder, | 


Then, Jook. i the table under minutes 
te M leſs mean motions to 
is remainder, and ſubtract them "ow" it, 
ks down their remainder. 

ol 
look in the table oder binds 
marked by ok next leſs mean motions to 
his remain r, either greater arleſs;. and againſt 
[jou have 9 7 anſvering ven”. 


. times. collected, will — the 
r which wi 

& right in common years, and alſo in January 
nd February in Jeap-years z- but always one day 


pla i peas er Fohepary.. 


45 * 3 — - ©. 1 ſ *2 


* as = F | % 


a 5 Y ö 
4 TLEYT f 

4 

* # # 

K , * 1 


Th aj | 
14 5 88 8 
94 . 4 1 1 
7 5 24 ©» q he rr! 9 72 | 170 * * * 
„ 1 1 


- 1 
19 4 1 
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PN WA apa 
Required the time of new moon in os 170 
˖ 


(a year not inſerted in the table. ) 
Moen from 7 
To the — after Chriſt's r e e r 
birth — 1753 10 94579! 
Add complet n 10, 22 gl GAR n 
ban 170401 jar 
And join September _ 2 22 21 1 f 
| FIG IEA — t 
The ſum of theſe mean motions is 1 12 0 2 ® 
Whach, being ſub, from nf Ot MM vo 
or 1 „n 
3 remaining 10 47 59 30 
Next leſs mean mot. for 26 days, * 
ſub. . 10 16 57 3 
And there remains 2 OY 2 
Next leſs mean mot. for a hours,” 12 lot 
| ſub. ; » - 3118 . 4 $51" O I 1 0 5 bi 
Aud the renner ie N . 
Next leſs mean mot. for 2 min. | 
II -: «: on 
Remains the mean mot. of 12 ſec. _ if The 
Theſe times, being collected, would they... 
the mean time of the required new moon 1 
September 1764, to be on the 26th day, at | 
hours 2 min. 12 ſec. paſt noon. But, as it 5 ſr. 
a leap-year, and after February, the time is ard 
day too late. So, the true mean time is 1 
tember the 25th, at 2 m. 32 ſec, paſt II in 08... 


afternoon. 


g N. 0 
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The Calculatiowof mean New and Full Moons. 


M. B. The tables always begin the day at 
won, and reckon thence forward, to the « noon 
i the day ao RE 


ſs fnd the mean time 2 * 


and month after ibe C briſtian Ara. 


Having collected the moon's mean motion 
om the ſun for the beginning of the given 
rar and month, and ſubtracted their ſum from 
2 ſigns (as in the former example) add 6 ſigns 
» the remainder,” and then ang in 1 re- 
he-ts as above. | 


EXAMPLE . 
quired the mean Hee 1.1 full moon in September 


Moon from ſun. 


lo the year after cxrjy: I VAI TOLIE 14 166 
birth — — 1753 10 9 24 56 


bang; 1100 10 14 20 


(ſum 7766) | Hai 
ll join 33 „ 
de hm of theſe mean hoden. 1 
- 112 024 
woch, being ſube. from a cir- | 
de, t Ao ite „ o 00 
leres remalnigg os 10 3 59 ) 36 
To which remaiti i att * ao'Þ - —_ 9 0 
lad the ni with! „ 25 "4 17 's 36 | 


| | Brought 
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300 The Calculation of mean New and Full Moone, 
| * Moon from ſun 
n #56 ; - 164+ eee 
Brought over — ' n 17 39 30 

Next leſs mean mot. for 11 


W day ot ubt. 3 io ame nr 

a FA PS, ſu * —_ \\ 1 MY n. 28 6 wh + 14 8.5 4 
1 . on * + — —_— 

And there remains Yu gt - 


Next leſs mean mor. for fan BAKW, Wt 
16 hours, ſubt. LE. 1% ; « * 


Kad dhe nein derbi be 3 
Next leſs mean mot. for 40 
min. ſubt. „ 


Remains the mean mot, for gg 
\ ſec. 3 — 2 20 IEF; þ. 3 
So, the mean time, according to the tabke, 
is the 11th of September, at 7 hours 40 minutes 
8 ſeconds paſt noon. One day tog late, being 
after February in a leap· year.. 
And thus may the mean time of any. new or 
full moon be found, in any year after the Chri- 
ſtian Era. mo 1 Annas 2 
To find the mean time of new b full wool in any 
ien year and month before the Chriſtian ra. 
If the given year before the year. of CHRIST 
t be found in the third colymt r 
under the title Years before * 1 
write it out, together with the given month, 
d join the mean motions, But, if the given 
year be not in the table, take out the next 
reater one to it that you find; - which being 
Nil farther back than the given year, add a5 
many compleat years to it as will bring thc 
time forward to the given year: then join the 
month, and proceed in all reſpects as above. 
15 | E X A M- 


ern 


* 17 


EXAMPLE 11. 6; or 


ine the meantime of new moon i i, Moy, the 
ann 1217 oy * 


r 2 
The next greater year 


r in the table is ** 
wich being 15 years _ the given year, 
ad the mean motions for ars to thoſe of 
too, together with n for the 

May 1 A 


Pn. 
To the year before Chrift 600 ; - 8 11 6 16 
Add compleat years motion 13 6 0 $5.24 
And the mean motions N — 22 33 23 


The whole ſum ja % 465 A 


Which, being ſubt. from a eit · W 
cle, r 12 0 0 0 
mne dee e 0 — m— —— 

Leaves remaining 11 25 4 57 

Next leſs ry boys Ein Ra] N 


ray 21 23 34 56 
And there lee A * 
ae — 97 A 37 26 


ws 


M1144 


lad hs demande wilt he" 2 75 7 
lert leſs mean ant. for 3 min- Y 


vs fog 388 
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Nl Deſcription of @ new and ſafe Crane, whit 
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wil Wh four different Powers, * to fern 
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uns the wheel rapidly — 4 
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. but even of lives loſt, byithis this lla 
conſtruction of cranes. And beſides, 


but ane power for all ſorts, of w 
they generally ſpend, as much tim 2 — 


e ee Trek 


| Theſe imperfections and dangers %. 

- to think of — of remedy ing ſnl * 
for that purpoſe, I contrived a, crane with Wi: 1 
proper ſtop to. preyens the the Sanger Jud wit wee 
different- powers ent weighs; le 
that there m 8 be as ine mY of time as ” oy 
ſible : and aMo, that when heavy, goods are * 
down into tips, the — may., be reg 8 
deliberate. "111 © ar he | 
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This crane hag foor gifferent vob anch 
believe, it might be built in a' room tight feet 
width: the gib 9 on Ke guehde.;ob 


om. Ati an 21d y 
>" 97G 04 1 e th 
Three OP” with diffirent number 1 
{taves, are applied tothe cogs ofa horitontub U 
with an upright axle; and the ropgy't Tan 
vy the weight, . coils round tlie kg” TT: nc 
eel has 96 cogs, the largeſt trundle 24 ſively” 
ine next lar eſt bas 12, and the ſmalleſt hi {If 


So that;:the largeſt aeundle/maket.g.rerdhith | 


for one revolution of the wheel the 


8, and the ſmalleſt compar LP 5 5 
occaſjonally put upan the eirber Du 
trundles, for turning ita the trund i be: x 


uſed.thar gives a power beſk, ſuited tothe ge bed 


and che handſe of: the winch deſcribes fi the p 
every. revolution 2 to twice: they gu th 
tehco of zhe axle: of the {2m —_— Rig 
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As the Power gained by any . or 
ngine w hate Ver, is in direct p ion s the 


right; the powers of this crane are eaſily 
de Mens v. h Ar 

: 18 & 545 Re 1. IR 
If the Winch be pur upon the axle of the 
trundle, and turned four times round; 
be wheel and 1. W wary round 
ad the circle deſcri e power that turns 
le winch, being, in ee double the 
irumferehce of the axle, when the thickneſs of 
te rope is added thereto; the power 
rough eight times as much ſpace as the —— 
fies 1 and therefore L ere 

friction) à man wall eight 
ines as uch weight by the crane as he would 


y his natural ſtrength without it: the Ph 
d this caſe, being as eight to 555 44 
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poſition of the rollers, the length o the o 


Ween an, che gib and tha be 
I rar whed wile ne lways the. dane 
Poſitjons of the gib; and the gib yillyeer 
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and then blow it out, and 50 


of braſs; which I find to be as 210 is to 60, 
88.7 18 to 14.— By this method, the # 
face 


Wben the lamp ee 
index turn back ward; Ach F 
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2e | 
onder the bar, 4 * 
in which the en ph lf 0¹ 
360 to 360 again; £13 cn thy oa 
and take away the bar rug ig 7 babe 
This done, put on on an iroe-bat I my 
braſs one was before, ape then ei 
the 360th wa erg Li ln 
put it under iron-bur, an | 
as many ſeconds ag it did oor th < 
d] 
many degrees the index has 13850 Fe 
15 


and by that means you will know 
portion the expanſion of iron is. to 


of different metals way be en. 
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to have —— ſo, they Fa d be g raw, | 1 
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JnFig AHA ish att bar which movey 
between rollers H. on the ſide a it has g 
my are which:take - into! the leaves on 


106 teeth, TT 
aves of the pinion. F, on the top. of w 


nhe nder aboveaneniioned; b | 
ane Hoidgil adi n er 354592 MIO 2 
Now, the r l 


ach, ARK F Ms x0 leaves 
2 pal che wheel C turns once 


donc , the 2 - —— the index on its axis 


e inch, which is 
TY one inch motion of 
Eu laſt 7 N an 


pa N dis part of an 


kindred gver me OY abqye, which/is 28. So that, 
ga eee 


ö 401 4+ nof3otiartiarqty dr 003504 
005 07216154 48 5% hn die 3 ted 30 
A flk thread 5 lo tiech to the axis of the p 
V, and wound ſeventlorimes' round it;“ 
ber end of the thread is tied to a piece 
der watch-ſpring'G which is fix d into 
6d H. So that, "as the bar ids, ar 
25 
Mn aut the: 
| the bar cohtradts, the ſpring pulls, back-the 
"ad, and turns the worde the contrary way, 
puſhes back the ſhart:bar 44 againſt the 


bg bar f | keops the eth 
the wheels 2 leaves. of 
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me phie, and c prevents px hake: hel 
Weth. 10 goo! Sl MM :zucodas {5M did 
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10 115 the, Jon 
Aci an ſo many thou e re on . 
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im the expanſion or cont 
ullih is juſt one thouſandth part, 
tack dition maved d ee rg 
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A Var Mill, invented 95 Dr) Sens, k. 
Ned o t maither ban nor. Ar 
1s Dνοο 10 tv! e dad. Tear 51 


This machine is pang * 65 1. 0 
din Fhich, 
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ings 5 th 8 oy 85 
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ann,. io Hut wow Hat) bac'sdys 5th” abo 


The upright ſpindle D is fixt in the bot 
- — trunk, and ſcrewed to it below by 
and a. b into the trunk bt ob 
fſalthat, if the-rubo) seren 
de curned wund, tnt ſpi che um 
abe aii ealod ade dowd N 1 
eig 5d3 bus : bavoms! — 5 21% 


ups aj ' 6f {He F Tho pave fp 


299 — 
mills; and, as the trunk, tube pp ſpind 
turn round, *the.mill-ſtoce in turned 10 ne 

= by. The lower, or quieſcent mill-ſtone is . 
preſented by 7; - and & is the floor on which 
reſts, and wherein'is the hole L for ln 


vn Eca nit 
ll ah, und fall down into A trough 
ic may be about M. The hoop: or eaſe | 
round the mill-ſtone reſts on the floor 
res" this hopper, in the. gumůõi] 
Tower [end of the ſpindle torns in a 
e in oh MUS Gs Ou - which port! oe 
jl-ſtohe,” be? ſpi Fe k. T 
is move on d pin at Þ, "al wok Dot 
ö ſup by an iron-rod N fixt into it, the 
the fixt bracket. 
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; s 8 1 — rod — through 1 the 
£8 4 (nr mar pon above 
— ws Fabi nut forward or back - 
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5 of 2. Na Corte 
ank were ſtopt, ho motion would'enfdey 
hugh the tube and trunk were full of water. 
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g 7 ou 10 * 12 >! 13 Jaun 70 * 
4 theme erg bolt) in the auakthe 
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| prof 46610 its: egy econ the: nwates 
ee egreſs through t ics preſſuus 
lere is reh removed: and the preflure 
path the:fides which 
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water to riſe in the K J Au3 * 90 
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＋ Form 2141 10 5 * 5 1 nas 6 8 
a'H gone. weight into the 
will, moe zher Hatto m 8 lil» 


water to appear br in the — end: 
tube at a; which ſhews that Ie 
with the force of one pound on the Dork 
90 pound into the ſcale, 117 . 
fram 4 to 5̊ in The tobe Joſt 145 
01 the bottöm as it was when ate; | 1 
ts preſſure on the bottom ſupp 144 r 
ht in the ſcale, *tis plain chat the, Peg 
0 i ajoond A A en equal to 1 k 1 


Fur a * pound weer in the ale, 
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wire. 1 13W 01 A113 fo 159JÞ: OJ 1 
dy 1158/20 20) 0 0 e dn 
Lt 1 82 9 Ne * | 
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of holes, and a tube pur | into each of them, f 
water would rife as high in each tpbe a ik 


moveable bottom would have the wei 
water in all the tubes to bear, beſides 
* all the water in the box. 7 
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and be in as much danger of 8: 
if the caſk was continged up, in LY 
the t of rhe Table, a 


ifled with . 


ve al cooler tar fs ad aually is ; 
manner of directions; and 8 
they preſs juſt 2s ſtrongly ups as they doll 


downward. For, if A= 16.9 | 
2» hols ade tage the th f che box, 0e 
the box be filled with water; and then, if en 
be poured ii . b pet A ban 4014, hed c, it vil 

riſe in the tube / to Kn 
the other tube: and if you leav Ig 
when the water is at c, ETD 
a cn your a 
tube 


in water to Gi 


193 } © 5 


Nor A a a 
tube from nw preſſure the 
ter in the tube a he de, on the ſurface of d 
water, contiguous to the infide of the top of 
dbox; and as it will ſtand at equal heights"! 
both tubes, the upward preſſure in'the tùbe 
equal to the downward preſſure in tHe other tul 
Bur, if the tube F were put in any other pt 
the top of the box, the riſing of ha water in 
would ſtill be the ſame: or, if the top was 


poured into the tube ad; and pe of 
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wor. indthev nioveable bound p/wrhcer 
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Adder cr 8 which e müht 
groove 
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und a e 
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Wire, the water will be lifted up in them 


tom to be three inches (in which eaſt; the 


times as as the area of the t 
that would il che robe lie « ek. 
the top of a tube 144 inches, or 14 feet 
Joo: om ad. od 2 nn 358 


three inches in diameter, as "to require 
Pounds in the ſtale, to balance thar pre 
before 0 the bottom could begin to move. 


HYDROSTATICS. 
groove a ſtrong waxed thread; the blade 
dane ve like = Pipe within the box, and p 
over the top of it at a and di all und, 
then the hd preſſed on. So that, Water 
ow in through the hole I/ of the Ud; it 

ie upon the bottom E, and be chntaiget in 
ſpace F E b within the bladder; und the t 
tom may be raiſed by pulling the wires, 
is fixed to it at E: and by thus pulling 


and as the bottom does not touch wgltioft 
inſide of the box, it moves without-fridtion, 


Now, ſuppoſe the diameter of this W 


thereof will be g circular inches) an dhe di 
ter of the bore of the tube to be a quarter of 
inch; the whole area of the bottom on 

a 


And hence it is plain, that if the "me 
bottom be raiſed only the 1 44th part of an i 
the water will thereby be raiſed a whole inc 
the tube ; and conſequently, that if the bot 
be raiſed one inch, it would raiſe dhe wate 


N. B. The box muſt be open, below 
moveable bottom, to let in the air, Ot 
wiſe, the preſſure of the a wou 
fo "vpon the moveable bottom, if | 


A Mac 
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Machine, to be ſubſtituted in Place of the con- 
n mon Fhydroftatical Bellows. = 5 
In Fig. 1. of PLATE IV. ABCD is an 
long 1quare box, in one end of which is a 
und groove, as at a, from top to bottom, for 
cciving the upright tube 7, which is bent 
right angle at the lower end (as at i in Fig. 2.) 
{ to that part is tied the end of a large blud- 
K, (is 2.) which lies in the bottom of the 
x, Ov bladder is laid the thoveable 
und L (Fig. 1. and 2.) in which is fut an up- 
hc wire MA; and lesden weights, NN, to 
amount of 16 pounds, with Roles in their 
dle, are put upon the wire, over the board, 
d preſs upon it with all their fore. 


The croſs bar p is then put on, to ſeture t 

de from falling, and keep it ia an upright poſi- 
n: And then the piece E FG is to be put on, 
part G fliding tight into the dove-tail'd 
ove H, to keep the weights VN horizonal, 
| the wire M upright; chere being a round 
£e in the part E F for receiving the wire, 


There are four upright pins in the four cor. 
n of the box within, each almoſt an inch lon 
the board L to reſt upon; to keep it 
lng the [ides of che bladder below it "ctol 
ether at firſt, ' ED | gt 


The whole machine being thus put together, 
ur water into the tube at $ | 

r will run down the tube imo the bla 
by the board; and after the bladder has been 
n filled 
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filled up to the board, continue pouring water; 
into the tube, and the upward preſſure which i dan 
will excite in the bladder, will raiſe, the board vorm 
with all the weight upon it, even t the de 
bore of the tube ſhould be fo. 1 that leſs elo 
than an ounce of water would fill it. Y ave, 
- This machine afts upon 5 ſame TN A 
as the one laſt deſcribed, concerning the Hydro bit 
Patical paradox. i. For, the upward preſſur de 
againſt every part of the 5 (which the be | 
bladder touches) equal in area to the area of t“. 
bore of the tube, will be preſſed upward.) with oi! f 
force equal to the weight of the water in t“ 
tube; and the ſum of all theſe preſſures, ; againſt tan 
ſo many areas of the board, will be ſufficient tc tie ſ 
raiſe it with all the weights upon it. WCC 
a Aver 

In my opinion, nothing can ava this ſim then | 
ple machine, in making the 8 * Le 
fluids evident to bet. 3 and c 
2 G, ar 

The Cauſe of of reciprocating , 77 7 bb > 
and flowing Wells, explained, » Te 

In Fig. 1. of Paz V. Let 01 ben bil bea! 
within which is a large cavern 4 A near ker a 
top, filled or fed by rains and melted ſnow o tied 
the top a, making their way through chin« WM tom 
and crannics into the ſaid cavern, from pic tantl. 
proceeds a ſmall ſtream cc within the body off ine 
the hill, and iſſues out in a ſpting at Gon bor 
fide of the hill, which will run conſtantly s wi proce. 
the cavern is fed with water, bore 
the fe 

"Brom" the ſame” taverh AA, ke 4 be pipe t 


ſmall channel D, to carry water into the c , 
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3; and from that cavern, let there be a bended 
channel Ee V, larger than O joining with the 
former channel cc, as at F before it comes to the 
ide of the hill: and let the joining at f be 
below the leyel of the bottom of both theſe 
rem. „ of Ho N 1214.3 bog 

As the water riſes in the cavern B. it will riſe 
a high in the channel E: and when it riſes to 
the top of that channel at e, it will run down 
the part FG, and make à ſwell in the Tas 
C, which will continue till all the water is drawn 
of from the cavern B, by the natural ſyphon 
Le H, (which carries off the water faſter from B, 
ban the channel D brings water to it) and then 
the ſwell: will ſtop, and only the ſmall channel 
CC will carry water to the ſpring G, till the 
avern B is filled to B again by the rill D; and 
then the water being at the top e of the channel 
Ee F, that channel will act again as a ſyphon, 
nd carry off all the water from B to the ſprin 
C, and ſo make a ſwelling flow of water at 
8 before. | OT: Ty 


To illuſtrate this by a machine (Fig. 2.) let 4 
be a large wooden box, filled with water; and 
kt a ſmall pipe CC (the upper end of which is 
fred into the bottom of the box) carry water 
fom the box to G, where it will run off con- 
ſantly, like a ſmall ſpring. Let another ſmall 
pipe D carry water from the ſame box to the 
box or well B, from which let a ſyphon Ee F 
proceed, and join with the pipe CC at f: the 
wore of the ſyphon being larger than the bore of 
ite feeding pipe D. As the water from this 
Pipe riſes in the well B, it will alſo riſe as high 
u the ſyphon B eF:. and when the ſyphon is 
3 Ee 3 | -" 7 "Ro 


1 
; 
| 
F 
: 
[ 
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A LTHOUGH I am not at Jibery zo 


it, openin 
the vellel. Appe BO n riſes e 
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full to the top e, the water will run over 
bend e, down the ef, and go off att 
mouth G; which will make a great ſtream a 
G: and that ſtream will continue, till the ſyphe 
has carried off all the water from the 68 
the ſyphon carrying off the water faſter from 
than the pipe D brings water to it: and the 
the ſwell at G will ceaſe, and only the wate 
1 the ſmall pipe CC will run off at G, t 

ipe D fills the well B again; and 1b 
— yphon will run, and make a mug 0 
before. 


I. 


And hs we have an artificial W 
of an ebbing and flowing well, and of 8 rec 


procating ſpring, in a very natural 1 
manner, 
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An 3 of the Principles by which My. Bik 
propoſes to raiſe Water from Mines, or 
Rivers to ſupply Towns and Gentleniins 

his new & Fire-E in for wry 
as received His MATES 's Patent. 


ſcribe 'rhe_whole of this ſimple engine, 
1 have the patehtec's leave to deſcribe ſuch 
one as will ſhew "the principles 9 


In Fig. 4. of Prarz IV. let A be 6-1 


ſtrong, cloſe veſſel; immerſed in water up A." 
the cock b, and having a hole in 2 


with a valve à upon 
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{this veſlel, 


wh jet d. E is the little boiler (not lo big as 


Lonel, through which, a little water muſt be 
;fjonally poured into the boiler, to yield a 
woper quantity of ſteam. And. a ſmall quantity 


alſ:ſſeth upwards of 14,000 times as much 
hace or bulk as the water does from which it 
proceeds, : £ 


he cock ö, open that cock, and the water will 
uh in, through the bottom of the veſſel at a, 
nd fill it as up as the water ſtands on its 
wide ; and the water, coming into the veſſel, 
nil drive the air out of it (as high as the water 
les within it) through the ce U. When the 
nter has done ruſhing into the veſſel, ſhut the 
wk , and the valve & will fall down, and hin- 
er the water from being puſhed out that way, 
y any force that on its ſurface. Al 


ommon air, when the water riſes to 6. 


Shut the cock c, and open the cocks d ande; 
den pour as much water into the boiler E 
(through the funnel G) as will about half fill 


te cock open. VE 


mer in the holler; and the ſtram will make 
5 Vay thence, e un the 
4 


and has a cock c in it near the 
p, which is ſmall. there, for playing a very 


common tea-kettle) which is connected with 
te veſſel 4 by the ſteam-pipe F; and G is a, 


{ water will do for that purpoſe, hecau ſteam - 


The veſſel A being immerſed in water up to 


be part of the vefſe} above 5, will be fult of | 


de boiler; and then ſhut the cock d, and leave 


This done, make a fire under the boiler E, 
ud the heat thereof will raile a ſteam from the 


* 
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veſſel 4; and the ſteam will empreſs the a up t 
2 * b) with a very great force e the ſur Or, 
ace of the water in A. at s 
whit 
" When the top of the el een en ont 

by. the ſteam under it, open the cock e 0 hþ 
Pipe C; and the air being ſtrongly compreſſeq . 1 
in A, between the ſteam and the Water therein fron 
will drive all the water out of of veſſel 4, uf BC 
the pipe BC, from which it 1 in a 0 
to a very great height. "fountain that 
which is made in this manner ow Mr. Blakey 4 
three tea-cup-fulls of water 1 ; boiler wil fall 
afford ſteam enough to MY a jet 30 0 feet high. 4 
t 
When all che water; is * of the el 2 ang y 

| the compreſſed. air begins to, follow the jet 
open the cocks þ and d to let the. ſteam out o 1 
— boiler E and veſſel 4, and ſhut the cock k 
2 any more ſteam from getting into 4 — 
the air will ruſn into the veſſel A chrougl _ 

— cock 3, and the water through the valve « 
and ſo the veſſel will be filled ede A 
the cock & as before. T 1 a len 
and the cocks c and d, and opgn dhe 00 pull 
and then, the next ſteam 5 riſes in the boil: oper 
will make its way into the veſſel, 4 — an coch 

the operation wil 82 en. 8 above. 

ane © 2g aud: TI 
When all ihe water in th boiler B. po it a 
— and gone off into ſt u dert 
more into the botler, throogh tho he funnel 0. ace; 
. wall 
1 deder de mike this engi N cet t ſtear 
any gentleman's houſe; if the hoùſe be on th wur 


bank of a river, the pipe BC may be cuntinuec 
IFN FRE | ” 
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up to the intended height, in the direction . 


Or, if the houſe be on the fide or top of a bill, 
t a diſtance from the river, the pipe, through 


which the water is forced up, may be laid along 


on the hin, N N \pring ene 


— 
nnn 


The boiler may be fed by e ſemall \pipe K. 
from the water that riſes in the main 
CHI. the pipe & being of a very ſmall bore, 
ſo as to fill the funnel G with water in the time 


that the boiler E will / require a freſh ſupply. 
And then, by turning the cock d, the water will 


fall from the funnel into the boiler. The fun- 
nel ſhould: hold as much water as will about half 
fil the boiler, . 


When lier of theſe ane of n. water, 
perpendieularly or obliquely, is uſed; there will 
be no occafion for having the cock 4 in the 
main pipe BC A 1: for ſuch a cock is requilite 
only, when the engine js uſed ; as a fountain. 


"7377109 * is yo Ho Di rte 

A contrivance may be-yery eaGly made, from 
a lever to the cocks 5, d, and. e; fo: that, by 
pulling the lever, the cocks & and d may be 
opened when the cock e muſt. be ſhut: and the 
cock e be 3 when V and d muſt be ſnhut. 


The boiler E ſhould be ine loſed in a brick wall, 
it a little diſtance from it, all around; to give li- 
berty for the flames of the fire under the boller to 
aſcend round about it. By which means, (the 
vall not covering the funnel C) the force of the 
ſteam will be prodigiouſly increaſed by the heat 
round the boiler; | and the funnel and water in 


it will be heatell from the —— ſo chat, the 


25 
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into it 3 and the 
much the quicker, 


Mr. Blakey is the only perſon who ever th 
of making uſe of air as an intermediate body 
tween ſteam and water: by which means, the 
ſtram ia always ke re water 
and conſequently. from being condenſed by i 
And, on this new principle, he has obtained 
patent: ſo that no one (vary the engine hoy 
will) can make uſe of air between ſteam and 
water, without infringing on the patent, 
being ſubject to the penalties of the low. 


This engine may be built for a triffing ex 
pence, in compariſop of the common fire engi 
now in uſe; it will ſeldom need repairs, and 
will not conſume half ſo much fuel. And 
has no pumps with piſtons, it is clear of all thei 
friction: and the effect is equal to the 0 
ſtrength or compreſſive force of the ſteam 
which the effect of the common fire engine ne\ 
3s on account of the great friction of the piſton 


: 


ARCHIMEDE S's Screw-Engine'for ya 


A 


Water. 


In N. 3. of PLATE VI. ABCD'v 
wheel, which is turned round, according © 1 
order of the letters, by the fall of wat #4 
which need not be more chan three fest. I. 
axle G of the wheel is elevated ſo, as 90 
an angle of about a4 degrees with the hoff 
and an the tap of that axle is a wheel H 
urns ſuch another wheel I of the ſame num 
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teeth: the axle K of this laſt wheel being 
jarallel to Ge an 0 of ths org ys wheel. 
The axle 6 aries e threaded 
(as in Fig; a2.) exaRtly reſembling the ſcrew 
the axis Fe fy of a commo jack, which 
noſt be (What is | called) a right handed ſorew, 
ike the wood-ſcerews, if the feſt wheel turns in 
he direction ABCD; but muſt be a left handed 
crew, if the ſtream turns the wheel the contrary 
ny. And, which ever way the ferew on the 
ule C be cut; the ſcrew on the axle K mult be 
at the contrary way; err . gy turn 
n contrary difetions. 


The ferews thus cut, they muſt be 
nvered cloſe over a. boards, like thoſe of a 
ylindrical cue; and then they will be ſpiral 
des, Or, they may be made of tubes of ſtiff 
rather, and wrapt round the axles in ſhatlow 
grooves cut therein; as in Fig. 3. | 


The lower end of the axle G turns canſtancly 
a the ſtream that turns the wheel, and the lower 
nds of the ſpiral tubes are pen into the water, 
d that, as the wheel and axle are turned round, 
de water riſes in the N | 


- — — 


ere may be any number, as four or (ix) are in 
i your cloſe ring on the top of the axle, into 
eh ring, che water is delivened from the 
— open ends of the ſerew-tubes, and falk 
Mo the open box N. IM 78 2 0111 
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tubes in that axle take vp the water from Mind t 
and deliver it into ſuch another box under the te v 
top of K; on which there may be ſuch anotheeMr:dy 
as 1 to turn a third axle by ſuch a wheel nd f 

upon it. And in this manner, water may def nan 
raiſed to any given height, when there is nd! 
ſtream ſufficient for that purpoſe to act on th 


el float earls of the Roos _ TI 
| oreat 

Au ow: M0 Il for reg Watts, . all 

inſtat 

©: This engine is ; repreſented in PLATE VI um 
In which BCD i is a wheel, turned by water vate. 
according to the order of the letters. On the occal 
horizontal axis are four ſmall wheels, roothed 8M pum 
almoſt half round: and the patts of their edges Wl 101 


on which there are no teeth are cut doun fo, a 
to be even wich the botroms of the teeth where WM r 
they ſtand. -- | VER | the ſ 
Www . K 4 0 book 

The teeth of theſe four wheels take . — PL. 
into the teeth of four racks, which hang by tuo ce 

chains over the pullies 9 and L; and to the 

Jower ends of theſe racks there are fout iron il F. 
rods fixed, which go down into the four forcing Bil end, 
pumps, &, R, M and NV. And, as the wheel valv 
turn, the racks and pump rods ate : atem theſe 


moved: vp" and down. | - 
As 0 j 8. 2 . 


Me 5 Apen the wheel 8 hos Ned dow _ 
the rack 7, and drawn up the rack K by Tu a 
chain: as the laſt tooth of G juſt leaves the 
9 tooth of 7, tho firſt ood of H 1s 

ready to take into che lowermoſt- tooth of the 
irack X and pull it down as far as the 8 


HYDRAULICS. 

u dl then the rack I is pulled upward through 
the e whole ſpace of its teeth, and the wheel G'is 
xthedMWr::dy to take hold of it, and. pull it down again, 
bell end ſo draw up the other. ln the fame 
y beMWn2nner, the wheels E and F work the racks 
i nd 7. W %% e DOK enen 
tb 


V R node but hatin ien h 
Theſe four wheels are fixed on the axle of the 
great wheel in ſuch 'a manner, with reſpect to 
the poſitions of their teeth; that, whilſt wy 
* , Weontioue tutning round, © there is never 
oſtint of time in which one or other of the 
zmp-rods is not going down, and forcing the 
vater. So that, in this engine, there is no 
occaſion for having general air- veſſel to all the 
pumps, to procure a conſtant ſtream of water 
towing from the upper end of the main pipe. 


The piſtons of theſe pumps ' are folid e 
the — as deſtribed Lens — Lecture F my 
book, to Which this is a Supplement. Ser 
tel) PLATE XI. Fig. 4. of that: book, with the 
two Bll A cription of the figure, e. 


ron Wl From each of theſe” pumps, near the loweſt 
ing end, in the water, there off a pipe, with a 
cels Wi valve on its fartheſt end the pump; and 
ely Wl theſe ends of the pipes all enter one cloſe box, 
into which they deliver the water: and into this 
box, the lower end of the main conduct pipe is 
. wing”. as the water is forced or puſhed 

into this box, it is alſo puſhed up the main pipe 
4 to the height that it is 1. be her md 


he BY There is an engine of this ſort, deſcribed in 
0; WY fanell's works: but I can truly ſay, that I 
nd | never 
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never fw dl ome time air had made 
model. e 


The ſaid model is not above nice as big | 
the figure of it, here deſcribed. I turn 4: 
winch fixed on the gudgeon of the axle eh 
the water wheel; and, when it was newly made 
and the piſtons and valyes i in good order, Ip 
tin pipes 15 feet high upon it, when they we 

ined together, to ſee what it could do, A 
I und, that in turning it moderately iy 
cad of water in 
ect. 


winch, it would raiſe a 
ur, to the 1 of 15 


1 2 * the a: 
pF 0 b the 
The enivirſal Dialling O-. A 
TN Fig. 1. of PLATE VUI, ABCD: re he ec 
1 a cylindrical glaſs tube, cloſed v it. 
both ends with braſs plates, and having à ware dis f 
axis E FG fixt in the centers of the braſs plat aral 
at top and bottom. This tube is fed te a ght 
rizontal board H, and its axis makes an ang nott; 
wich the board equal to the angle of the earth zeec 
with the horizon of any given for which dem 
the cylinder is to ſerve as a And it mute az 
be &t with jas axis perallel to the axis of t the 
world in that place; the end E pointing 49 t de ec 
elevated pole. Or, it may | be made o mo 
upon a joints. nan If ; 
any particular latitude, tube, 
There are 24 ftraight lines, ii with a di 1 by 
mond, on the hy. of the glaſs, equidiſtam at b 
from each other, and alt of den peratiet 0 kehr 


axis, Theſe are the hout-lmcsy/ and dhe nou? 
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x ſet to them as A as : the XII next 
unds for midnigh oppotite XII, "1 
be board n, Rena; for for ig 285 or non. 


The axis being elevated tv the Adtud 95 tb 
lace, and the foot-board ſet truly level, with the 
ack line along its middle in plane of the 
retidian, and the end Ntoward tho north; the 
uis E F' © will ferve as 4 ſtiſe or gnomon, and 
alt a ſhadow oh the hour of the day, among the 

rarallel hour tives when rhe fun ines on the 
ebe. For, as the ſutłs apparent diurnal 
notion is equable in the heavens, the ſhadow'af 
be axis will move equably in the tube ; and will 
ways fan upon bat hour. line which is oppoſite 
o the ſun, at any given time. 


The braſs plate AD, at the top, is parallel to 
be equator, and the axis E F is perpendicular 
vit. If right lines be drawn from the center of 
lis plate, to the upper ends of the equidiſtamt 
zarallel lines on the outſide of the tube; theſe 
noht lines will de the hour- lines on the equi- 
witral: dial LD, ar 15 diſtance from 
ach other: and the hour- letters may be fer to 
dem as in the figure. Then, as the ſhadow of 
the axis within the tube comes on the hour- 


* 
2 ' 
* b 


i the tube, it will cover the like hour-lines | on | 
he equi plate 4D. © | 


plate to thoſe points of its which are 
ut by the parallel E on 2 theſe 
105 lines Ain be hour-lines of a pe Dur 
al, for the latitude to which the tube is = 
vat 


' 
| 
| 
| 


ng. or reclining dial, anſwering to he Ike nun 


| a 1 r * 80 Le g 
Abd thus, by "this Gmple v al h 


"they were in the tube; you will, Bae an 
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yated, * For, as the ſhadow of the axis me tial 


ſucceſſively to the hour-lines of the tube, a 
covers them, it will then cover the like hou 
lines on the horizontal plate ef, to which me 
hours may be ſet; as in the figure. 


If a thin vertical plate g C, be put within 

tube, ſo as to front the meridian or 12 ofcl 
line thereof, and the edge of this plate touc 
the tube all around; and then, if right lines n 
drawn from the center of the plate ta thoſe point 


of its edge which ate cut by the parallel hc 
lines on the tube; theſe right lines will be hounWour-! 
lines of a vertical ſouth. dial: and the ſhagow 
the axis will cover them at the ſame times before 
it covers thoſe of the tube. ü 

If a thin plate be put within the tube ſo, 1 (8”. 
decline, or incline, or recline, by aby given num 

ber of degrees; and right lines be drawn fro 
its center to the hour-lines of the eybe; theſe righWpon 
lines will be the hour-lines of a dechningy incl 


ber of degrees, for the latitude to which the cb 


* elevate en einladen bog 4 BEM Cf 


principles of dialling are made very plains, and 
evident to the Tight. And the ais e the tw 
(which is parallel to the axis of "the world ite ( 
every latitude to which it is elevated) is the füt 
or gnomon for alt th: differen O fu 


And laftly, if the axis" ef che tube'be dag 
out; with the plates AD, ef, and [Ae on i 
and fer it up in ſun-ſhine, in che Tame polition 4 
ul 


Ric 
hor 
R 1 
> SLED 
GS 4 vw © 
1 
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tial dial A D, a horizontal dial /, and a verti- 
ſouth dial C; on all which, the time of the 
will be ſhewn by the ſhadow of the axis or 


be, ABCD is a cylinder of wood ; on which 
24 parallel Hour - lines are drawn all around, 
equal diſtances from each other; and that, 
m the points at top, where theſe lines end, 
ht lines are drawn toward the center, on the 
ſurface I D: Theſe: right lines will be the 
ur-lines on an equinoctial dial, for the latitude 
the place to which the cylinder is elevated 
ove the horizontal foot or pedeſtal H; and 
ey are equidiſtant from each other, as in Fig. 2. 
ich is a full view of the flat ſurface or top 
D of the cylinder, ſeen obliquely in Fig. 1. 
Ind the axis of the cylinder (which is a ſtraight 
re E FG all down its middle) is the ſtile or 
pomon z which is perpendicular to the plane of 


dicular to the plane of the equator, | 
To make a horizontal dial; by the cylinder, 


ny out the axis and cut the cylinder quite 
wough, as at ebfg, parallel to the horizontal 


te ſection e bf g e will be of an elliptical form, 
in Fig. 3. T 


de parallel lines on the outſide of the cylinder 
it, draw right lines to the center of the 


horizontal dial, as ab cda in Fig. 3. which may 
e included in a circle drawn on that feQtion, 
Ff Then 


Let us now ſuppoſe thar, inſtead of a glaß 


e equinoctial dial, as the earth's axis is per- 


any latitude to which its axis is elevated 


brd H, and take off the top part ADfe; and 


hen, from the points of this 
tion (on the remaining patt e BCf) where 


Ktion; and they will be the true hour lines for 
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Then put the wire into its place again, and 
will be a ſtile for caſting a ſhadow on the t 
of the day, on that dial. So, E (Fig. 3) is 
ſtile of the horizontal dial, parallel to the axis 
the cylinder, 2 men en 


To make a vertical ſouth dial by the cyl 
der, draw out the axis, and cut the cylin 
perpendicularly to the horizontal board Has Sc: 
giC kg, beginning at the hour line-(Bge 4) 
XII. and making the ſection at right angles 
the line SH N on the horizontal board. Th: 
take off the upper part g A DC, and the face 
the ſection thereon will be elliptical, as ſhewn 
Fiz.'4. From the points in the edge of 


Feth. 
line at 


de q 


ſection, where the parallel hour lines on the o 
ſurface of the cylinder meet it, draw right li font 
to the center of the ſection; and they wil IE a 
the true hour lines on a vertical direct ſouth di. 
for the latitude to which the cylinder was H adt 
vated : and will appear as in Fig. 4. on whi *. 
the vertical dial may be made of a circular ſnap 
or of a ſquare ſhape as repreſented in the figu — 
And F will be its ſtile parallel to the axis of f , 7 
cylinder. L 1 25155 * 
| 5 nig 

And thus, by cutting the cylinder any v Iſt r 

ſo as its ſection may either incline, or decline, ff" "be 
recline, by any given number of degrees; 4 5 - 
trom thoſe points in the edge of the fect en 
where the outſide parallel hour lines meet te 
draw right lines to the center of the ſection; 4 405 
they will be the true hour lines, for the like Mu 
clining, reclining, or inclining dial: Aud * 11% 
- axis of the cylinder will always be the gnom! D 
or ſtile of the dial. For, whichever way 4 i 


plane of the dial lies, its ſtile (or the edge then 
: | 


Li 
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at caſts the ſhadow on the hours of the day) 


uſt be parallel to the earth's axis, and point 
ward the elevated pole of the heavens. 2 


„ delineate a Sun - Dial on Paper; which when 
paſted round a Cylinder of Woed ſhall fhew the 
Ine of the Day, the Sun's Place in the Ecliptie 
Fund and bis Altitude, at any Time of Obſervation, 
7s See PLATE IN, x bg: 


. Draw che right line v. 4.B, parallel to the top 
Ide paper; and, wich any convenient opening 
el the compaſſes, ſet one foot in the end of the 


ine at a, as a center, and with the other foot deſeribe 
de quadrantal arc A E, and divide it into go equal 
tarts or degrees. Draw the right hine AC. Ac 
hoht angles to a HB, and touching the quadrant 


ein at the point . Then, from the center's, 
di right lines through as many degrees of the 
el oadrant, as are equal to the ſun's altitude at 


won, on the longeſt day of the year, at the 
place for which the dial is to ſerve; which alti- 
ude, at London, is 62 degrees: and continue 
beſe right lines till they meet the tangent line 
4c; and, from theſe points of meeting, draw 
lraight lines acroſs the paper, parallel to the 
It right line A B, and they will be the parallels 
i the ſun's altitude, in whole degrees, from ſun- 
fſe till ſun- ſet, on all the days of the year. 
Theſe paraliels of altitude muſt be drawn out to 
he right line B. D, which muſt be parallel to 
4C, and as far as is equal to the intended cir- 
tumference of the cylinder on which the paper 
$0 be paſted, when the dial is drawn upon it. 


Divide the ſpace between the right lifes AC 
ud B D (at top and bottom) into twelve equal 
N F f 2 J 85 41914 1 parts, 


36 


of the firſt, ſecond, and third year after. 


the latitude of your place) when, he is in 
ecliptic; his altitude at the end of each 
being the ſame as at the beginning of the nc 
And, inthe upright parallel lines, at the beg 
- theſe computed altitudes among the - horizo 
according to the order of the numeral figure: 
to them at the right hand, anſwering to the Nie - 


and ſet the hours to them, as in the fig 
reckoning the forenoon hours downwatrd, 
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parts, for the twelve ſigns of the ecliptic; 
from mark to mark, of theſe diviſions at t 
and bottom, draw right lines parallel to AC 
B D; and place the characters of the 12 ſigns 
theſe twelve ſpaces, at the bottom, as in the figu 
beginning with %y or Capricorn, and endi 
with ze or Piſces. The ſpaces including t 
ſigns ſhould be divided by parallel lines | 
halves; and if the breadth will admit of 
without confuſion, into quarters alſo. * © © 


At the top of the dial, make a ſcale of. 
months and days of the year, ſo as the days 
ſtand over the ſun's. place for. each of them 
the ſigns of the ecliptic. » The, ſun's place, 
every day of the year, may be fo J by 
common ephemeris: and here it will be 
make uſe of an ephemeris for the ſecond j 
after leap year; as the neareſt mean fox the ſ 
place on the days of the leap. year, and on th 


Compute the ſun's altitude for every.hour 


beginning, middle, and end of each ſign of 
ning and middle of each ſign, make marks 
parallels of altitude, reckoning them downs 


diviſions of the quadrant at the left. 
through theſe marks, draw the curve hour-lit 


DIALLING. 


e afternoon hours upward. —— The ſun's alti- 
we ſhould alſo be computed for the half hours; 
d the quarter lines may be drawn, very nearly 

their proper places, by eſtimation and accu- 


ben y of the eye. Then, cut off the paper at the 
85 band, on which the quadrant was drawn, 


ole by the right line 4 C, and all the paper at 
e right, hand cloſe by the right line BD; and 
t it alſo cloſe by the top and bottom horizontal 
nes; and it will be fit for paſting round the 
linder. n 


This cylinder is repreſented in miniature by 
1 PLATE X. It ſhould be hollow, to 
ad the ſtile D E when it is not uſed. The 
woked end of the ſtile is put into a hole in the 
p AD of the cylinder; and the top goes on 
vhtiſh, but muſt be made to turn round on the 
inder, like the lid of a paper ſnuff. box. The 
le muſt ſtand ſtraight out, perpendicular to the 
e of the cylinder, juſt over the right line 4 B 
PLATE IX, where the parallels of the ſun's 
rude begin: and the length of the ſtile, or 


lſtance of its point e from the cylinder, mult be 
i ual to the radius 2A of the quadrant AE in 
h LATE IJ. 1 c 
e The method of ufing this dial is as fellows. 


Place the horizontal foot B C'of the cylinder 
1a level table where the ſun ſhines, and turn the 
I AD till the ſtile ſtands juſt over the day of 
i then preſent month. Then turn the cylin- 
fr about, en the table, till the ſhadow of the 
ile falls upon it, parallel to theſe upright lines 
ich divide the ſigns; that is, till the ſhadow 
& parallel to a ſuppoſed axis in the middle of 
be cylinder: and then, che point, or loweſt end 
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of the ſhadow, will fall upon the time of t 
day, as it is before or after noon, among the eu 
hour: lines; and will ſhew the ſun's altitude 
that time, among the croſs parallels of his alt 
rude, which go round the cylinder: and, at ib 
ſame time, it will ſhew in what fign of theedclip 
tic the ſun then is, and you may very neu 
gueſs at the degree of the ſign, by eſtimation | 
the eye. | bros | en 


The ninth plate, on which this dial is drawM:;. f 
may be cut out of the book, and paſted round 
cylinder whoſe length is 6 inches and 6 tent 
of an inch below the. moveable top; and T} 
diameter 2 inches and 24 hundred paris of I. 
joch——Or, I ſuppoſe the copper: plate primo 
of it may be had at Mr. Cadell's, bookſeller 
the Strand, London. But it will only do fc 
London, and other places of the ſame latitude. nid 


When a level table cannot be had, the dial ma ©9443 
be hung by the ring Fat the top. And when Wi 15 
is not uſed; the wire that ſerves for a ſtile ma 
be drawn out, and put up within the cylinder r 
and the machine carried in the pocket. 


To Baie three Sun- Dials up'n three different Plane 


/ as they may all ſhew the Time of the Do) ll © 
one Gnomen. | oo ng T 
On the flat board ABC, deſcribe-a horizontal VI; 
dial, according to any of the rules laid down 198 bad 
the Lectute on Dialling ; and to it fix its gnomou dm 
FG H, the edge of the ſhadow from the 000 de 
F being that which ſhews the time of tig the 
day. 110 noo! 
2 8 5 | 2 h ſhad 

To this horizontal or flat board, join bl 


upright board EDC, touching the edge GH 0 
the gnomon. Then, making the top of © 
| : : > 5 l > Ca gnomo! 
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nomon at H the center of the vertical ſouth 
ll, deſctibe'a ſouth dial on the board E DHC. 


Laſtly; on a circular plate IK deſcribe an 
quinoctial dial, all the hours of which dial are 
uidiſtant from each other: and making a flic 
d in that dial, from its edge to its center, in the 
X'I o'clock line; put the ſaid dial perpendicu- 
brly on the gnomon FC, as far as the ſlit will 
mit of; and the triple dial will be finiſhed; the 
ame gnomon ſerving all the three, and ſhewjog 
te ſame time of the day on each of them. 


An univerſal Dial on a plain Croſs, 


This dial is repreſented by Fig. 1. of PLATE 
Il, and is moveable on a joint C, for elevating 
t to any given latitude, on the quadrantCogo, 
ij it ſtands upon the horizontal board 4 The 
ums of the croſs ſtands at right angles to the 
niddle part; and the top of it, from a to u, is of 
equal length with either of the arms ne or mk. 


Having ſet the middle line 4 to the latitude 
of your place, on the quadrant, the board 4 
kvel, and the point M northward by the needle ; 
the plane of the croſs will be parallel co the 
plane of the equator; and the machine will be 


rec.thed. 


Then, from III o'clock in the morning, till 
VI; the upper edge & of the arm i will caſt a 
hadow on the. time of the day on the fide of the 
m cm: from VI till IX, the lower edge i of 
the arm io will caft a ſhadow on the hours on 
the lide 0g. From IX in the morning to XII at 
noon, the edge ab of the top part an will caſt a 
ſhadow on the hours on 1 ne f: from XII 
o Lin the afternoon, the edge cd of the top 

a | part 
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part will caſt a ſhadow on the hours. on tl T 


on the part pg; and from VI till IX, che da L. 
of the edge ef will ſhew the time on the wulf 2 
part a u. enn cloſe 
| 1 Ra The 
The breadth of each part, ab, e, &c; mn and 
be ſo great as never to let the ſhadow falF quite othe 
without the part or arm on which the bours ard Pi 
marked, when the ſun is at his greateſt Ueclina the 
tion from the equator, 7 — 
To determine the breadth of the ſides of t de 
arms which contain the hours, ſo as to be in juf that 
proportion to their length; make an angle Fig. 
ABC (Fig. 2.) of 234 degrees, which is equa [ 


to the ſun's greateſt declination : and ſuppoſe 
the length of each arm, from the ſide of the long ©" 


middle part, and alſo the length of the the! 
above the arms, to be equal to Bd. ci the) 
ne e | £3 TH58 ſpa 

Then, as the edges of the ſhadow, from eich for 


of the arms, will be parallel to Be, mak ing an angle 
of 23+ degrees with the ſide B d of the arm when 
the ſun's declination is 234 degrees; tis plain 
that if the length of the arm be Bd, the leaſt 
| breadth that it can have, to keep the edge Be 
the ſhadow Begd from going off the fide of the 
arm de before it comes to the end ed thereof, 
muſt be * to e d or dB. But in order i 
keep the ſhadow within the quarter diviſions ot 
the hours, when it comes near the end of the 
arm, the breadth thereof ſhould be ſtill greater, 
ſo as to be almoſt doubled, on account of the 
giſtance between the tips of the ams. 


Ta 
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To place the hours right on the arms, take the 
following method, | + 4 : 
Lay down the croſs a cbd (Fig. 3.) on a ſheer 
of paper; and with a black lead pencil, held 
coſe to it, draw its ſhape and ſize on the paper. 


Then taking the length ae in your compaſſes, 
and ſetting one foot in the corner A, with the 
other foot deſcribe the quadrantal arc .. 
Divide this arc into ſix equal parts, and through 
the diviſion-marks draw right lines ag, a h, &c. 
continuing three of them to the arm ce, which 
are all that can fall upon it; and they will meet 
the arm in theſe points through which the lines 
that divide the — from each other (as in 
Fig. 1.) are to be drawn right acrols it, 


97 th 
ning 
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Divide each arm, for the three hours it con- 
tains, in the ſame manner; and ſet the hours to 
their proper places (on the ſides of the arms) as 
they are marked in Fig. 3. Each of the hour 
ſpaces ſhould be divided into four equal parts, 
for the half hours and quarters, in the quadrant 
ef, and right lines ſhould be drawn, through 
theſe diviſion-marks in the quadrant, to the 
arms of the croſs; in order to determine the 
places thereon where the ſub- diviſions of the 
hours muſt be marked. 


This is avery ſimple kind of univerſal dial; it is 
very eaſily made, and will have a pretty uncommon 
appearance in a garden. I have ſeen a dial of 
- ſort, but never ſaw one of the kind that 
VOWS, "ob 


F -- An 


terreſtrial globe on 1ts top. 
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An univerſal Dial, ſhewing the Hours of the! Dy 
a terreſtrial Globe, and by the Shadows of fevers s 
Gnomons, at the ſame Time : together with 4 
the Places of the Earth which art then enlightmu 
. by the. Sun; and thoſe to which the Sun is e 
ming, or on the Meridian, or Selling. K 


This dial (Se PLATE XII.) is made of 
thick ſquare piece of wood, or hollow metal of 
The ſides are cut into ſemicircular hollows, 1 0 
which the hours are placed; the tile of cacti" 
hollow coming out from the bottom thereof Th 


as far as the ends of the hollows project. The In. 
corners are cut out into angles, in the inſides off Pl 
which, the hours are alſo marked; and the edo 
of the end of each fide of the angle ferves as . 
ſtile for caſting a ſnadow on the hours marked es 


on the other ſide. 5 0 " 

In the middle of the uppermoſt ſide or plane ©* 
there is an equinoctial dial; in the center where 
of, an upright wire is fixt for caſting a ſhadow o 
the hours of that dial, and ſupporting a ſmal 


The whole dial ſtands on a pillar, in the 


middle of a round horizontal board, in which "© 
there is a compaſs and magnetic needle, for plac- © | 
ing the meridian ſtile toward the ſouth. Te e 
Pillar has a joint with a quadrant upon it, divided — 
into go degrees (ſuppoſed to be hid from light 
under the dial in the figure) for ſetting it to the ©? 
latitude of any given place; the | ſame way 5M © 
already deſcribed in the dial on the croſs. ay 
The equator of the globe is divided into 7 to; 

| 


equal parts, and the hours are laid down upon | 
® 2 
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known. by theſe hours, when the ſun ſbines upon 
the globe, 


To rectify and uſe this dial, ſet it on a level 
able, or ſole of a window, where the ſun ſhines, 
placing the meridian ſtile due ſouth, by means 
of the needle z which will be, when the needle 
points as far from the north fleur-de-lis toward 
the weſt, as it declines weſtward, at your place. 
Then bend the pillar in the joint, till the black 
line on the pillar comes to the latitude of your 
place in the quadrant. 


The machine being thus rectified, the plane of 
ts dial- part will be parallel ro the equator, the 
virt or axis that ſupports the globe will be paral- 
el to the earth's axis, and the north ole of the 
globe will point toward the north pole of the 


licavens. 


The ſame hour will then be ſhewn in ſeveral 
of the hollows, by the ends of the ſhadows of 
their reſpective fltes The axis of the glibe 
will caſt a ſhadow on the ſame hour of the day, 
in the equinoctial dial, in the center of which it 
is placed, from the 2oth of March to the 24d of 
September; and, if the meridian of yr place 
on the globe be ſet even with the merilian ſtile, 
all the parts of the globe that the fun ſhines 
upon, will anſwer to thoſe places of the 
earth which are then enlightened by the ſun. 
The places where the ſhade is juſt coming upon 
the globe, anſwer to all thoſe places of the earth 
to which the ſun is then ſetting; as the places 
where it is going off, and the light coming on, 


it theſe parts. The time of the day may be 


anſwer to all the places of the earth where the ſun 
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is then riſing. And laſtly, if the hour of VI b. 
marked on the equator in the meridian” of your 
place (as it is marked on the meridian of Londo 

in the fgure) the diviſion of the light and ſhade 
on tus globe will ſhew the time of the day, 


The northern ſtile of the dial (6 poſite to the 


ſouthern or meridian one) is hid from fight nfl / 
the figure, by the axis of the globe. The hour rig 
in the hollow to which that ſtile belongs, are 0 7 
Alſo ſuppuled to be hid by the oblique view of bol 
the figure: but they are the ſame as the houn ing 
in the front-hollow Choſe alſo in the right lou 
and left hand ſemicircular hollows. are mall (0 
hid from ſight; and ſo alſo are all thoſe on the ci! 
ſides next the eye of the four acute angles, anc 
The conſtruction of this dial is. as follows, SI for 
PLATE XIII. ates WH me 


On a thick ſquare piece of wood, or meta, 
draw the lines ac and 5 d, as far from each other W as : 
as you intend for the thickneſs of the ſtile abc, tha 
and in the ſame manner, draw the like thick- ou! 


neſs of the other three ſtiles, ef gh, i bl m,' and MW anc 


1 6 Pq, all ſtanding outright as from the center. W Di 


With any convenient opening of the com- fro 


paſſes, as aA (ſo as to leave proper ſtren of 


of ſtuff when KT is equal to 44) fet one foot W 16 
in 4, as a center, and with the other foot de- wil 


ſcribe the quadrantal arc Ac. Then without I wh 
altering the compaſſes, ſet one foot in as 2 IF the 
center, and with the other foot deſcribe the qua- ¶ int 
.drant d B. All the other quadrants in the figure ¶ qu 
muſt be deſcribed in the ſame manner, and - ang 


c 
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e ſame opening of the compa on their cen. 
Wicrs e, F. i, &; and u, : and. each. quadray £ 
livided into 6 equal arts, for ſo many ho 
is in the figure; each of which parts muſt 2 

ub-divided into 5 tor the N hours and 


qvarters. INE 


At equal ae from 10 6 draw the 
right lines 7p. and Kp, Ft. and Wh, Nr and 


hollows 1p K, ng Ny o, and P. mak 

ing the Ktadces be tween, the ti 7 s of theſe hol 

lows, as IK, L M. NO, and P9, each equal 

to the radius 5 the quadrants; and leaving ſuffi- 

\ the cient room within the angular points, p, 9, r, 
and s, for the equinoctial in the middle. 


Lo To divide the inſides of theſe angles EE. . 
for the e thereon; take the 1 
method. | ; 
etal, ¶ Set one foot of the 1 in the point J. 
cher W as a center; and open the other to K, and with 
bed; ihat opening, deſcribe the arc K.. then, with- 
ick- ¶ out altering the compaſſes, ſet one foot in X. 
and W and with the other foot deſcribe the arc II. 
er. Divide each of theſe arcs, from I and & to their 
interſection at 1, into four equal parts; and 
2m” from their centers I and K, throug k the the points 
gth W of diviſion, draw the right lines 7 2» 14, 15» 
oot W 16, 17; and K2,, XI, Kit, XII; and racy 
de. vill meet the ſides K p and Tp of the angle Tp 
ut WF where. the hours thereon muſt be placed. And 
s 2 WF theſe. hour-ſpaces, in the arcs mult be ſubdivided 
. into four equal parts, for the half hours and 
ure quarters. — Do the like for the other three 


n anghes, and draw the dotted lines, and ſet the 


he hours 


Or, Ps an 4 to form the f. 85 angular 
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hours in the inſides where thoſe lines meet them. 
as in the figure: and the like hour-Hnes will be 
parallel to each other in all the quadrants and in 
e e 16: eee 

Mark points for all theſe hours, on the up 
fide, and cut out all the angular hollows, and 
the quadtantal ones quite 0 h the places 
where their four gnomons mult ſtand ; and hy 
down the hours on their inſices, as in Prats 
XII, and then fer in their four gnomons, which 
mult be as broad as the dial is thick; and this 
breadth and thickneſs myſt be large enough t 
keep the ſhadows of the. gnomons from ever 
falling quite our at the ſides of the hollows, even 
when the ſun's declination is at the greateſt. 


0 Laſtly, draw the eq vinoAial dial in the mid- 
dle, all the hours of which are equidiſtant from 
each other: and the dial will be finiſhed/ 


As the ſun goes round, the broad end of 
the ſhadow-of the ſtile a }'c 4 will new the hours 


in the quadrant: Ac, from ſun-riſe till VI in the 


morning; the ſhadow from the end M will ſhev 
the hours on the fide Li from V to IX in the 
morning; the ſhadow of the ſtile #f# in the 
quadrant Dę (in the long days) will ſhew the 
hours from ſun- riſe till VI in the morning; and 
the ſhadow of the end N will ſhew the morning 
hours, on the ſide Or, from III to VII. 


a f 
Juſt as the ſhadow of the northern ſtile abc4 
oes off the quadrant Ac, the ſhadow of the 
Porbern ſtile ix I begins to fall within the 
quadrant F at VI in the morning; and ſhews 


the tine, in that quadrant, from VI eill 12057 
. e DICH. 


TI 


* 


N N N 2 8. 


KK . 


A 
doon; and fram noon till V in the evening in 
0, ſhews the time from XI in the forenoon till 
III in the afternoon, on the fide I Vi 4 the 
ſhadow of the end P ſhews-the time ftom IX in 
the morning till 1 o'clock ig the afternoon, 
on the ſide „ 2 | 

ft 335.20 


At noon; when the ſhadow of the 


noon, as it did in eee from fun- 
riſe till VI in the morning] the ſhadow of the 
weſtern ſtile yo pq begins to enter the quadrant 
Hp; and ſhews the hours thereon, from XII ar 
noon till VI in; the evening ; and after hap till 
ſun-fet, in the quadrant 0: and the end Q, 
caſts a ſhadow on the ſide P from Vin the 
evening till IX at night, if the ſun be not ſet 
before that time. te 88 


The ſhadow of the end I ſhews the time on 
the ſide Kp from III till VII in the afternoon; 
and the ſhadow of the ſtile abc d ſhews the time 
from VI in the evening till the ſun ſets. | 


The ſhadow of the upright central wite, |that 
ſupports the globe at top, ſhews the tim of 


the day, in the middle or; equinottial dial, all 


* 


the ſummer half year, when the ſun is on th 

north (ide of the equator. . 
In this ſupplement to my book of Lectures, 

all the machines that I have added to my appa- 


ratus, ſince that book was re are de- 
ſeribed, excepting two; one © 


which is a model 
of 


j 
\ 


the quadrant m E. And the ſhadow of the ent | 


- 


fg goes off the quadrant;þC (in which; iz 
ſhewed the time from VI in the morning till! 


514 L L I g. 
n and che othet 
model of the engine at | 
of t raiſing water. 2 Abd 4 * reaſons 

m out are as follo . 1 


* + 
* # - 


N 


gon 3 175 5 
Fut, 1 found"it ii to make ſuch 
drawing of the ſaw-1 Wie be underſtood; 


becauſe, in whatever view it be taken; 

many parts of it hide others from ſight. 12 
in order to ſhew'it'in my Lectures Iam obliged 
fg rr ire 73 Hh 
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Secondly, becauſe any perſon who pu 2 
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the account of it in the fifth lecturb en 
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